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(54) THIN FILM MAGNETIC HEAD AND RECORDING/REPRODUCING SEPARATION TYPE 
MAGNETIC HEAD AND MAGNETIC RECORDING/ REPRODUCING APPARATUS USING THE 
SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent deterioration of 
recording performance in high frequency recording by 
forming a magnetic cap with a magnetic film of two or 
more layers and by setting a specific resistance of a 
magnetic film of at least single layer of magnetic film to 
the value higher than that of the other magnetic film. 
SOLUTION: Under the lower magnetic film 5 working as 
an upper shielding film, MR and GMR film are provided as 
a reproducing head. At a part 1 1 of this lower magnetic 
film, a non-magnetic film having a high specific 
resistance (80|a£2cm or higher) is formed by the 
sputtering method, etc., as a gap film 4. As a magnetic 
film satisfying this characteristic, a film having a high 
specific resistance can be obtained by simultaneously 
adding oxygen, nitrogen and an element having intensive 
affinity thereto, for example, Fe, CoFe alloy, etc. On this 
film having high specific resistance, a lower layer film 3 
is formed, a resist frame 2 is formed thereon to form an 
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upper magnetic film 1 by the plating method. Here, drop of recording performance can be 
controlled in the high frequency range by setting the thickness of high specific resistance film 
to 0.5 to 3 times the thickness of the gap film. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thin film magnetic head to which the aforementioned magnetic-gap portion is 
constituted by the magnetic film more than two-layer, and specific resistance of the magnetic 
film of at least one layer of a magnetic film is characterized by being [ of the aforementioned up 
magnetic film and a lower magnetic film ] higher than the specific resistance of other magnetic 
films at least in the thin film magnetic head equipped with the up magnetic film and the lower 
magnetic film through the nonmagnetic magnetic-gap film. 

[Claim 2] The thin film magnetic head characterized by being higher than the specific resistance 
of the 2nd magnetic film to which the specific resistance of the 1st magnetic film of the 
aforementioned up magnetic film and a lower magnetic film which the aforementioned magnetic- 
gap portion was constituted at least by the magnetic film more than two-layer, and is separated 
from the aforementioned gap film touched the magnetic-gap film in the thin film magnetic head 
equipped with the up magnetic film and the lower magnetic film through the nonmagnetic 
magnetic-gap film. 

[Claim 3] The aforementioned magnetic film with higher specific resistance according to claim 1 
or 2 is the thin film magnetic head characterized by saturation magnetic flux density being 
smaller than other magnetic films. 

[Claim 4] The thin film magnetic head characterized by for the aforementioned magnetic-gap 
portions of the aforementioned lower magnetic film and an up magnetic film having a convex 
configuration, and a part of aforementioned up magnetic film and lower magnetic film [ at least ] 
having the specific resistance of 50 or more microomegacm in the thin film magnetic head 
equipped with the up magnetic film and the lower magnetic film through the nonmagnetic 
magnetic-gap film. 

[Claim 5] In the record reproduction discrete-type magnetic head which was able to prepare 
magnetic shielding for the recording head which writes in information, and the reproducing head 
to read the aforementioned recording head It has an up magnetic film and a lower magnetic film 
through a nonmagnetic magnetic-gap film. The record reproduction discrete-type magnetic head 
which the aforementioned magnetic-gap portion is constituted by the magnetic film more than 
two-layer, and is characterized by the specific resistance of the magnetic film of at least one 
layer of a magnetic film being [ of the aforementioned up magnetic film and a lower magnetic 
film ] higher than the specific resistance of other magnetic films at least. 

[Claim 6] In the record reproduction discrete-type magnetic head in which the recording head 
which writes in information, and the reproducing head to read were prepared through magnetic 
shielding the aforementioned recording head It has an up magnetic film and a lower magnetic film 
through a nonmagnetic magnetic-gap film. The record reproduction discrete-type magnetic head 
characterized by being higher than the specific resistance of the 2nd magnetic film to which the 
specific resistance of the 1st magnetic film of the aforementioned up magnetic film and a lower 
magnetic film which the aforementioned magnetic-gap portion was constituted at least by the 
magnetic film more than two-layer, and is separated from the aforementioned gap film touched 
the magnetic-gap film. 

[Claim 7] It is the record reproduction discrete-type magnetic head characterized by to equip 
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the aforementioned recording head with an up magnetic film and a lower magnetic film through a 
nonmagnetic magnetic-gap film in the record reproduction discrete-type thin film magnetic head 
in which the recording head which writes in information, and the reproducing head to read were 
prepared through magnetic shielding, for the aforementioned magnetic-gap portions of the 
aforementioned lower magnetic film and an up magnetic film to have a convex configuration, and 
for a part of aforementioned up magnetic film and lower magnetic film [ at least ] to have the 
specific resistance of 50 or more microomegacm. 

[Claim 8] In the record reproduction discrete-type magnetic head in which the recording head 
which writes in information, and the reproducing head to read were prepared through magnetic 
shielding the aforementioned recording head It has an up magnetic film and a lower magnetic film 
through a nonmagnetic magnetic-gap film. At least, the aforementioned magnetic-gap portion is 
constituted by the magnetic film more than two-layer, and the specific resistance of the 
magnetic film of at least one layer of a magnetic film is [ of the aforementioned up magnetic film 
and a lower magnetic film ] higher than the specific resistance of other magnetic films, Are 
higher than the specific resistance of the 2nd magnetic film to which the specific resistance of 
the 1st magnetic film of the aforementioned up magnetic film and a lower magnetic film which 
the aforementioned magnetic-gap portion was constituted at least by the magnetic film more 
than two-layer, and is separated from the aforementioned gap film touched the magnetic-gap 
film, It consists of either of the aforementioned magnetic-gap portions of the aforementioned 
lower magnetic film and an up magnetic film having a convex configuration, and a part of 
aforementioned up magnetic film and lower magnetic film [ at least ] having the specific 
resistance more than 50micro omegacm. the aforementioned reproducing head And a 
ferromagnetic, Stick to this ferromagnetic and the antiferromagnetic substance which makes the 
aforementioned ferromagnetic discover the 1 direction anisotropy is included. The record 
reproduction discrete-type magnetic head to which a part of portion [ at least ] which a part of 
aforementioned antiferromagnetic substance [ at least ] sticks to the aforementioned 
antiferromagnetic substance of the aforementioned ferromagnetic by consisting of a Cr~Mn alloy 
is characterized by the bird clapper from Co or Co alloy. 

[Claim 9] The thin film magnetic disk which records information. The rotation means of this thin 
film magnetic disk, and the recording head which is prepared in a float-type slider and writes in 
information and the reproducing head to read. It is the magnetic recording medium equipped with 
the above, the aforementioned recording head It has an up magnetic film and a lower magnetic 
film through a nonmagnetic magnetic-gap film. At least, the aforementioned magnetic-gap 
portion is constituted by the magnetic film more than two-layer, and the specific resistance of 
the magnetic film of at least one layer of a magnetic film is [ of the aforementioned up magnetic 
film and a lower magnetic film ] higher than the specific resistance of other magnetic films, Are 
higher than the specific resistance of the 2nd magnetic film to which the specific resistance of 
the 1st magnetic film of the aforementioned up magnetic film and a lower magnetic film which 
the aforementioned magnetic-gap portion was constituted at least by the magnetic film more 
than two-layer, and is separated from the aforementioned gap film touched the magnetic-gap 
film, And it is characterized by the bird clapper from either of the aforementioned magnetic-gap 
portions of the aforementioned lower magnetic film and an up magnetic film having a convex 
configuration, and a part of aforementioned up magnetic film and lower magnetic film [ at least ] 
having the specific resistance of 50 or more microomegacm. 

[Claim 10] The thin film magnetic disk which records information. The rotation means of this thin 
film magnetic disk, and the recording head which is prepared in a float-type slider and writes in 
information and the reproducing head to read. It is the magnetic storage regenerative apparatus 
equipped with the above, the aforementioned recording head It has an up magnetic film and a 
lower magnetic film through a nonmagnetic magnetic-gap film. At least, the aforementioned 
magnetic-gap portion is constituted by the magnetic film more than two-layer, and the specific 
resistance of the magnetic film of at least one layer of a magnetic film is [ of the aforementioned 
up magnetic film and a lower magnetic film ] higher than the specific resistance of other 
magnetic films, Are higher than the specific resistance of the 2nd magnetic film to which the 
specific, resistance of the 1st magnetic film of the aforementioned up magnetic film and a lower 



http://www4.ipdljpo.go jp/cgi-bin/tran_web_cgLejje?u=http%3A%2F%2Fwww6.ipdljpo.g... 03/10/02 



3/3 ^— v 



magnetic film which the aforementioned magnetic-gap portion was constituted at least by the 
magnetic film more than two-layer, and is separated from the aforementioned gap film touched 
the magnetic-gap film, It consists of either of the aforementioned magnetic-gap portions of the 
aforementioned lower magnetic film and an up magnetic film having a convex configuration, and a 
part of aforementioned up magnetic film and lower magnetic film [ at least ] having the specific 
resistance more than SOmicro omegacm. the aforementioned reproducing head And a 
ferromagnetic, It sticks to this ferromagnetic, a part of aforementioned antiferromagnetic 
substance [ at least ] consists of a Cr-Mn alloy including the antiferromagnetic substance which 
makes the aforementioned ferromagnetic discover the 1 direction anisotropy, and a part of 
portion [ at least ] stuck to the aforementioned antiferromagnetic substance of the 
aforementioned ferromagnetic is characterized by **** from Co or Co alloy. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the suitable new thin 
film magnetic head, the record reproduction discrete-type magnetic head, and a magnetic 
storage regenerative apparatus, when starting the magnetic recording medium used for a 
computer, an information processor, etc., especially realizing high-density record. 
[0002] 

[Description of the Prior Art] Semiconductor memory and magnetic-substance memory are 
mainly used for the storage (record) equipment of information machines and equipment. 
Semiconductor memory is used for internal storage from a viewpoint of the access time, and 
magnetic-substance memory is used for a mass and nonvolatile viewpoint shell external 
recording device. The mainstream of magnetic-substance memory is in a magnetic disk and a 
magnetic tape today. As for the record medium used for these, the magnetic thin film is formed 
on aluminum substrate or the tape made of a resin, in order to write magnetic information in this 
record medium — electromagnetism — the function part which has a conversion operation is 
used Moreover, in order to reproduce magnetic information, the function part using the 
magnetic-reluctance phenomenon, the huge magnetic-reluctance phenomenon, or the 
electromagnetic-induction phenomenon is used. These function parts are prepared in the parts 
for I/O called magnetic head. 

[0003] The magnetic head and a medium move relatively, magnetic information is written in the 
arbitrary positions on a medium, and it has the function which reproduces magnetic information 
electrically as occasion demands. When a magnetic disk unit is stated to an example, the 
magnetic head writes in magnetic information and consists of the section and the reproduction 
section to read. The write-in section wraps a coil and this up and down, and consists of 
magnetic poles combined magnetically. The reproduction section consists of electrodes for 
passing a constant current in the magnetoresistance-effect element section and this element 
section, and detecting resistance change. The magnetic shield layer is prepared between the 
section write-in [ these ] and the reproduction section. Moreover, these function parts are 
formed through the ground layer on the magnetic-head main part. 

[0004] record — electromagnetism — reproduction of magnetic information is possible also by 
detecting the electromagnetic-induction current guided to the coil which the magnetoresistance 
effect was used for a conversion operation and reproduction, and was prepared in the write-in 
section In this case, record and reproduction can be performed by one function part. 
[0005] The performance of storage has indispensable shortening and large-capacity-izing of the 
access time, in order to be decided by the speed and storage capacity at the time of 
input/output operation and to heighten product competitive strength. Moreover, the 
miniaturization of the demand of small-and-light-izing of information machines and equipment to 
storage is becoming important in recent years. In order to satisfy these demands, the magnetic 
storage which writes in many magnetic information and can be reproduced needs to be 
developed in a single record medium. 

[0006] In order to satisfy this demand, it is necessary to raise the recording density of 
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equipment. In order to realize high-density record, it is necessary to turn the size of a magnetic 
domain to write in minutely. It is realizable by raising the frequency of the write-in current which 
narrows width of face of a write-in magnetic pole, and is passed in a coil to this. 
[0007] 

[Problem(s) to be Solved by the Invention] In order to realize high recording density, resolution 
of the reproducing head is high, and in a recording head, in order to make the magnetic-flux 
leakage in the pole tip into the minimum, it is necessary to narrow gap length and the width of 
recording track as mentioned above. If gap length and the width of recording track are narrowed, 
the magnetic-flux intensity between the pole tips will decrease. The reproduction section and 
the Records Department are combined and applied [ produce and ] in the combined head which 
prepared MR and the GMR film in the reproduction section. The shield film of the reproduction 
section and the lower magnetic film of the Records Department are made to serve a double 
purpose. A manufacture process is simplified by this and alignment is possible on the same 
suspension. A side fringe and a RF property pose a problem by the ** truck recording head, and 
the minimum width of recording track is determination ********** by the former side fringe 
magnetic field. The problem of a side fringe magnetic field can prevent a lower magnetic film to 
some extent by forming a notch and the pedestal pole tip. That is, on the JP,7-26251 9,A 
specifications, in order to reduce a side fringe, it has the pedestal in the pole tip section. 
Moreover, the material of a high saturation magnetic moment and the 2nd shield layer are 
explained to the pedestal pole tip layer as the material of the hyposaturation moments, such as a 
permalloy. It is shown that this description forms a lower magnetic film from two-layer [ of high 
saturation / hyposaturation magnetic moment ]. However, the specific resistance of a magnetic 
film is not indicated at all. Therefore, if high-frequency record is taken into consideration, it 
cannot be satisfied with the above-mentioned invention, and specific resistance and saturation 
magnetic flux density will serve as important requirements. 

[0008] moreover — according to the above-mentioned conventional technology — magnetic 
pole width of face — 2.5 micrometers up to — narrowing and raising frequency to about 90MHz 
— 2Gb/inch2 recording density of a class is realized — things can be carried out However, it 
became clear that the problem it is described below that promotes the further densification 
arises, and a limitation arises in densification. 

[0009] This problem can be divided roughly into the problem involved in the manufacturing 
technology for narrowing magnetic pole width of face, and the magnetic problem produced by 
having narrowed magnetic pole width of face. First, the problem involved in a manufacturing 
technology is described. The magnetic pole which constitutes a magnetic gap has the need of 
generating the magnetic field which is needed in order to reverse magnetization of a record 
medium (it being made revealing). This magnetic field needs to be decided with the magnetic 
parameter called coercive force of a record medium, and needs to strengthen the medium for 
high-density record in recent years. Therefore, since a strong magnetic field is drawn, volume of 
a magnetic pole portion cannot be reduced. That is, even if it narrows magnetic pole width of 
face, thickness of a magnetic pole cannot be made thin. 

[0010] The material generally used as magnetic pole material is a nickel-Fe alloy. Reactant dry 
etching is difficult for this material. For this reason, the magnetic pole of a thick film cannot be 
formed. Then, the galvanizing method is used for formation of a magnetic pole. 
[001 1] By the galvanizing method, beforehand, the mask of the fields other than a magnetic pole 
is carried out by the resist pattern, and nickel-Fe is alternatively grown up only into the 
magnetic pole portion which the electrode for plating exposes. Therefore, in order to form a 
detailed magnetic pole pattern 2 micrometers or less, it is necessary to form a resist pattern by 
width of face of 2 micrometers or less beforehand. 

[0012] By the way, in order to maintain the function as a mask at the time of plating, it is 
necessary to carry out thickness of a mask pattern more than plating height. The mask pattern 
for plating which receives restrictions of these width of face and height is formed by the 
contiguity exposing method. However, the resolution limit in this method is about 2 micrometers 
(when thickness is set to about 5 micrometers), and cannot form the pattern not more than this 
(the expensive manufacture methods, such as an X-ray lithography method, are not taken into 
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consideration). For this reason, with a conventional method, there is a problem which cannot 
manufacture the magnetic head for high-density record. 

[0013] Furthermore, in the structure of the above-mentioned magnetic head, if magnetic pole 
width of face is narrowed, it is known well that the magnetic-path resistance near the gap will 
increase. Magnetic flux flows from an up magnetic film to a lower magnetic film, a required 
magnetic field stops occurring from the gap section, and a problem arises from this influence, so 
that magnetic pole width of face is narrowed. 

[0014] Moreover, in order to realize high-density record, the problem to which it will write if 
write-in frequency is raised, and efficiency falls arose. It turns out that the eddy current tends 
to generate this problem in the magnetic pole section, and the increase of magnetic-path 
resistance and write-in efficiency fall under this influence. 

[0015] As a cause which the eddy current generates, the 1st being able to apply only a metal 
membrane to a magnetic gap and the 2nd reason are that it cannot form a magnetic path by a 
high resistance film, an amorphous film, etc. with little generating of the eddy current. Generating 
of the eddy current is a problem also common to the conventional magnetic head which 
produces a magnetic pole by the galvanizing method about the fault which cannot form a 
magnetic path with a few high resistance film, a few amorphous film, etc. 

[0016] The purpose of this invention is to offer the thin film magnetic head, record reproduction 
discrete-type MAG, and magnetic-storage head which formed the magnetic film of high specific 
resistance in the pole tip partially, in order to prevent degradation of the record performance in 
RF record. 
[0017] 

[Means for Solving the Problem] In the thin film magnetic head which this invention equipped 
with the up magnetic film and the lower magnetic film through the nonmagnetic magnetic-gap 
film At least, the aforementioned magnetic-gap portion is constituted by the magnetic film more 
than two-layer, and the specific resistance of the magnetic film of at least one layer of a 
magnetic film is [ of the aforementioned up magnetic film and a lower magnetic film ] higher than 
the specific resistance of other magnetic films, Are higher than the specific resistance of the 
2nd magnetic film to which the specific resistance of the 1st magnetic film of the 
aforementioned up magnetic film and a lower magnetic film which the aforementioned magnetic- 
gap portion was constituted at least by the magnetic film more than two-layer, and is separated 
from the aforementioned gap film touched the magnetic-gap film, And the aforementioned 
magnetic-gap portions of the aforementioned lower magnetic film and an up magnetic film have a 
convex configuration, and a part of aforementioned up magnetic film and lower magnetic film [ at 
least ] are characterized by 50 or more microomegacm [ either / of having the specific 
resistance of 80 or more microomegacm preferably ] of bird clappers. 

[0018] In the record reproduction discrete-type magnetic head in which the recording head in 
which this invention writes information, and the reproducing head to read were prepared through 
magnetic shielding the aforementioned recording head It has an up magnetic film and a lower 
magnetic film through a nonmagnetic magnetic-gap film. At least, the aforementioned magnetic- 
gap portion is constituted by the magnetic film more than two-layer, and the specific resistance 
of the magnetic film of at least one layer of a magnetic film is [ of the aforementioned up 
magnetic film and a lower magnetic film ] higher than the specific resistance of other magnetic 
films, Are higher than the specific resistance of the 2nd magnetic film to which the specific 
resistance of the 1st magnetic film of the aforementioned up magnetic film and a lower magnetic 
film which the aforementioned magnetic-gap portion was constituted at least by the magnetic 
film more than two-layer, and is separated from the aforementioned gap film touched the 
magnetic-gap film, And the aforementioned magnetic-gap portions of the aforementioned lower 
magnetic film and an up magnetic film have a convex configuration. It consists of either of a part 
of aforementioned up magnetic film and lower magnetic film [ at least ] having the specific 
resistance of 50 or more microomegacm. further the aforementioned reproducing head A 
ferromagnetic and the antiferromagnetic substance which it sticks [ antiferromagnetic 
substance ] to this ferromagnetic and makes the aforementioned ferromagnetic discover the 1 
direction anisotropy are included. A part of aforementioned antiferromagnetic substance [ at 
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least ] consists of a Cr-Mn alloy, and a part of portion [ at least ] stuck to the aforementioned 
antiferromagnetic substance of the aforementioned ferromagnetic is characterized by the bird 
clapper from Co or Co alloy. 

[0019] The thin film magnetic disk with which this invention records information, and the rotation 
means of this thin film magnetic disk, The record reproduction discrete-type magnetic head 
which has the recording head which is prepared in a float-type slider and writes in information, 
and the reproducing head to read, A move means to support the aforementioned float-type slider 
and to access to a thin film magnetic disk is provided, and the aforementioned magnetic disk is 
4000rpm at the time of record and reproduction. In the magnetic storage whose record 
frequency it rotates above and is 45MHz or more The aforementioned recording head is 
equipped with an up magnetic film and a lower magnetic film through a nonmagnetic magnetic- 
gap film. At least, the aforementioned magnetic-gap portion is constituted by the magnetic film 
more than two-layer, and the specific resistance of the magnetic film of at least one layer of a 
magnetic film is [ of the aforementioned up magnetic film and a lower magnetic film ] higher than 
the specific resistance of other magnetic films, Are higher than the specific resistance of the 
2nd magnetic film to which the specific resistance of the 1st magnetic film of the 
aforementioned up magnetic film and a lower magnetic film which the aforementioned magnetic- 
gap portion was constituted at least by the magnetic film more than two-layer, and is separated 
from the aforementioned gap film touched the magnetic-gap film, And the aforementioned 
magnetic-gap portions of the aforementioned lower magnetic film and an up magnetic film have a 
convex configuration. It consists of either of a part of aforementioned up magnetic film and lower 
magnetic film [ at least ] having the specific resistance of 50 or more microomegacm. further 
again the aforementioned reproducing head A ferromagnetic and the antiferromagnetic substance 
which it sticks [ antiferromagnetic substance ] to this ferromagnetic and makes the 
aforementioned ferromagnetic discover the 1 direction anisotropy are included. A part of 
aforementioned antiferromagnetic substance [ at least ] consists of a Cr-Mn alloy, and a part of 
portion [ at least ] stuck to the aforementioned antiferromagnetic substance of the 
aforementioned ferromagnetic is characterized by the bird clapper from Co or Co alloy. 
[0020] As for the recording head concerning this invention, a lower magnetic film serves as a 
shield film with the reproducing heads, such as MR and GMR. (Recording head) A nonmagnetic 
gap film is formed between an up magnetic film and a lower magnetic film, and creates a part of 
lower magnetic film or up magnetic film by dry processes, such as the sputtering method and a 
vacuum deposition method. It has the specific resistance of 80 or more microomegacm 
preferably, and is the frame of a plating film Si02 It forms, the width of face determines the 
width of recording track of record, and the width of recording track is 1.5 micrometers. It is 
desirable that it is the following. 

[0021] The magnetic film which has the high specific resistance more than 80micro omegacm is 
saturation-magnetic-flux-density 1 .5T. It is above and it is desirable to process the magnetic- 
film edge of the gap film upper and lower sides by RIE, and to arrange the width of face of the 
magnetic film of the gap film upper and lower sides. 

[0022] Furthermore, it is desirable that the absolute value of the magnetostriction constant of 
the magnetic film which has the high specific resistance of 80 or more microomegacm carries 
out to 1x10 to seven or less, and it is a part of 0.5 micrometers of a vertical magnetic film. It is 
desirable to form the above thickness by the high specific resistance film. It is desirable that 
some directions of the magnetic film of high specific resistance are larger than a part of 
magnetic film of low specific resistance [ width of face / of the magnetic film seen from the 
surfacing side ]. 

[0023] While field recording density increases, it is in the inclination which the record frequency 
of a magnetic disk unit also increases. If record frequency exceeds 100MHz, eddy current loss of 
a magnetic film will become large, and a recording characteristic will deteriorate. 2 micrometers 
of width of recording track, 0.3 micrometers of gap lengths It is LOT about the saturation 
magnetic flux density of a magnetic film. When it carries out, magnetic field strength becomes 
high, so that it is high, and the specific resistance of the magnetic film at the time of high- 
frequency conditions 100MHz or more has 80 or more good microomegacm. This calculation 
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result shows that it is necessary to use the film of high specific resistance for the magnetic film 
of a part of magnetic pole, especially an edge. Furthermore, in order to reduce heat treatment 
among a magnetic field added to reduction of an after [ a light ] noise, and the magnetic film at 
the time of recording head production, it is desirable to make the magnetostriction constant of a 
magnetic film small to 1x10 to seven or less. Moreover, the saturation magnetic flux density of a 
magnetic film is 1.5T, in order to make thickness of a magnetic film thin and to prevent 
saturation further. Considering as the above high thing is desirable. 

[0024] If the head structure formed into the present mass production is compared and estimated 
as the case of the structure which a surfacing side furthermore shows to drawing 3 , it is clear 
that making high Bs of the magnetic film 5 which touched the gap film 4, and a magnetic film 1, 
and making high specific resistance rho of the magnetic film 5 which is separated from a gap film, 
and a magnetic film 12 contributes to high magnetic field inclination and a RF property. If all the 
above-mentioned magnetic films are able to produce by high Bs, Quantity rho, low [ lambda ], 
low Hk, and the monolayer, magnetic field strength is high, and although a recording head with 
the good RF property is obtained, it is difficult [ it ] to mass-produce the magnetic film of such a 
property. Then, the magnetic film near a gap can offer the magnetic head with a good recording 
characteristic using the material which can be mass-produced by making into the magnetic 
material of Quantity rho all the all [ a part or ] that is separated from a gap in a material high Bs 
and low [ rho ]. For example, it is difficult to produce thickly (about 3 micrometers) the film 
which consists of 3d transition metals which are the high specific resistance which satisfies 
these properties, and the film which has high saturation magnetic flux density, and have a small 
magnetostriction constant (an absolute value is 1x10 to seven or less preferably) by the 
galvanizing method. However, if the sputtering method is used, it is possible for the magnetic film 
which satisfies these properties to add oxygen and nitrogen in Fe system, a FeCo system, or a 
FeNiCo system, and to control a magnetostriction constant using other alloy elements, or — if 
the sputtering method is used — the ferromagnetic alloy film and aluminum 203 of Fe system, a 
FeCo system, or a FeNiCo system, and Si02 etc. — by making it a multilayer with an oxide, or a 
mixed phase film, it is possible to make the eddy current small Since it is more difficult than the 
case where the galvanizing method is applied to constitute only from a film which created these 
magnetic films by the sputtering method, and to form in a ** truck (preferably 1 .5 micrometers 
henceforth) further, the portion (about 3 times of gap length) in the up magnetic film (UP) 
created on a gap film which contacts a gap film at least has the effective method of producing 
by the galvanizing method. 

[0025] The magnetic field strength which is one of the performances of a recording head 
becomes high rather than the direction which sets the portion near the gap in a core to Bs sets 
to high Bs the portion which is separated from a gap. Since the magnetic properties of the 
magnetic film near the surfacing side side of a gap affect for a performance strongly especially, 
the structure which sets to high Bs the portion (near a gap) which contacted the gap film from 
the surfacing side side, and makes portions other than a high Bs film Quantity rho (low Bs is 
sufficient) is effective as recording head structure of the ** width of recording track (1.5 
micrometers or less). When it sees from a surfacing side, it is necessary to form in the width of 
face corresponding to the value of the width of recording track the width of face of the magnetic 
film which touches a gap film. When forming a magnetic film by the galvanizing method, the 
interval of a plating frame can determine, the width of face, i.e., the width of recording track, of a 
plating film, and it is 0.3-1.5 micrometers. The plating film of width of face can also be formed. 
Moreover, by the galvanizing method, since the alloy film of Fe, nickel, Co(es) and these 2 yuan, 
or 3 yuan can be formed easily and the film (a CoNiFe alloy, NiFe alloy) of high Bs (more than 
1.5T) can also be formed, a plating film is applicable to a part of magnetic core in contact with 
the gap film (a gap film near [ or ]) which determines the width of recording track, the case 
where the specific resistance of this plating film is constituted only from an above-mentioned 
ferromagnetic element — at most — SOmicroomegacm — it is — 3d transition-metals element 
— adding — Bs1.3T rho in the case of the above film — about 60 microomegacm and a 
semimetal element — adding — Bs0.9T In the case of the above plating film, rho is set to about 
100 microomegacm. A high Bs film is required for 1 of drawing 3 , or the magnetic film of 5 like 
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the above-mentioned explanation, and if rho of the magnetic film of 12 or 5 is a high value, it is 
not necessary to make rho of a magnetic film (1 and 5) high. That is, the rate for which the 
quantity rho material accounts for volume rather than high Bs film (low [ rho ]) material 
increases by the volume of magnetic pole material. 

[0026] it is shown in drawing 1 — as — a part of lower magnetic film 1 1 — the sputtering 
method — high specific resistance (80 or more microomegacm) — high — 1xten to seven or 
less film is created preferably as Bs>1.5T and a magnetostriction constant (in absolute value), 
0.1 or a 0.2-micrometer nonmagnetic membrane is formed by the sputtering method on it, and it 
considers as the gap film 4 The ground 3 of a plating film is formed by the sputtering method on 
it. This ground 3 can also be considered as a high specific resistance film. The resist frame 2 is 
formed on a ground 3, and an up magnetic film is produced by the galvanizing method, the width 
of recording track — the interval of a frame — being decided — the frame galvanizing method - 
- 0.5 micrometers up to — it is checking that it is producible without composition change 
Furthermore, it is possible to reduce a side fringe by the dry etching methods, such as milling 
and the RIE (reactive etching) method, by using the up magnetic film 1 as a mask by removing a 
part of ground 3, gap film 4, and lower magnetic film (up shield film of MR or GMR) without re- 
adhesion. The thickness of a high specific resistance film is 0.5 of the thickness of a gap film. Or 
it is considering as 3 or more times, and the magnetic field strength in high frequency, i.e., record 
performance degradation, can be suppressed. A record performance can be raised by producing 
the film (the lower magnetic film 5 and up magnetic film 1) of the upper and lower sides of a gap 
4 by the galvanizing method, and producing a high specific resistance film apart from drawing 1 , 
by the thick film which is larger width of face than the width of face of the lower magnetic film 5 
or the up magnetic film 1. For example, the thing of a frame for which the high specific 
resistance film 12 is produced by the sputtering method a top and on the up magnetic film 1 in 
part is possible. In this case, gap films are conductive nonmagnetic membranes (Cr alloy etc.). 
moreover, a frame — Si02 etc. — it is an oxide, and like dr awin g 1 , there is no frame removal 
process and it has the producing method a frame remains in a surfacing side as it is You may 
use a resist for a plating frame. Although drawing 4 is drawin g 1 and analogous structure, thin 
high specific resistance and the high Bs film 12 are formed with plating also on a gap 4. 
Thickness is 0.5 of a gap. Or it is 3 times, and plating is also possible, while the effect of high 
specific resistance will appear in a record performance clearly, if it is the thickness of this range. 
This high specific resistance plating film 12 is a ferromagnetic alloy film containing elements, 
such as P, B, and O. 

[0027] Since it is difficult, producing a film high Bs, low Hk, Quantity rho, and low [ lambda ] by 
these galvanizing methods can also use some up shield films 1 1 and a part of up magnetic film 12 
as a high specific resistance (80 or more microomegacm) film using the sputtering method, as 
shown in drawing 5 . 

[0028] In drawing 5 , the magnetic film 13 and magnetic film 14 of the gap film upper and lower 
sides are produced by the galvanizing method. The Bs of the above-mentioned magnetic films 1 3 
and 14 is higher than Bs of the high specific resistance film (some shield films 1 1 and a part of 
up magnetic film) produced by the sputtering method etc. By making high Bs of the magnetic film 
near a gap film, the magnetic field strength from a gap becomes high, and a RF property is 
improved by the quantity rho magnetic film (11 12) produced by the sputtering method. 
Moreover, as shown in drawing 5 , it is the feature that it is narrower than the width of face of 
the magnetic film (1 1 and 12) which is further separated from the gap film 14 (when it sees from 
a surfacing side), and, with such structure, the width of face of a magnetic film 13, the gap film 
14, and a magnetic film 14 can enlarge the magnetic field inclination of a recording head. 
[0029] The recording head in this invention sandwiches and constitutes the magnetic film of the 
gap section from a facing magnetic pole which has a convex configuration mutually as mentioned 
above. 

[0030] Moreover, the thing for which especially an up magnetic pole has a convex configuration, 
and forms heights toward a lower magnetic pole about the magnetic pole configuration at the 
nose of cam of the magnetic core which the above-mentioned magnetic head exposes in a 
record medium and the field to approach, While considering as the composition with which the 
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upper part and a lower magnetic pole are made into a convex configuration and which heights 
face mutually While considering as the composition with which to arrange so that the width-of- 
face center of the heights of an up magnetic pole and the width-of-face center of the heights of 
a lower magnetic pole may lap on the same line, respectively, the upper part, and a lower 
magnetic pole are made into a convex configuration and which heights face mutually, it is 
desirable to consider as either of making the height of heights low compared with the width of 
face of heights. 

[0031] It is desirable to manufacture the recording head concerning this invention according to 
the following process. 

[0032] (1) The process which carries out the laminating of the insulating nonmagnetic membrane, 
and carries out the laminating of the material used as the heights which constitute a part of up 
magnetic pole further after carrying out the laminating of the lower magnetic pole material on 
magnetic-head ground structure. 

[0033] (2) The process which forms a resist pattern in the field which uses the lithography 
method and is equivalent to the heights of an up magnetic pole on the above-mentioned 
laminated structure. 

[0034] (3) The process which forms heights in a lower magnetic pole by **********ing an 
insulating nonmagnetic membrane and a lower magnetic pole on a mask in the member used as a 
part for the heights of the above-mentioned resist pattern and an up magnetic pole. 
[0035] (4) The process which carries out a laminating by the thickness which carries out the 
laminating of nonmagnetic and the insulating film to the whole surface, or exceeds heights to 
fields other than heights after forming the member which serves as heights in the upper part and 
a lower magnetic pole. 

[0036] (5) The process which forms the up magnetic pole which makes heights a valley by 

forming the remaining members which constitute an up magnetic pole member. 

[0037] (6) The process which exposes a part of member used as heights to a flattening side 

while carrying out flattening processing of nonmagnetic and the insulating film. 

[0038] (7) The process which forms the remaining members which constitute an up magnetic 

pole member. 

[0039] Or the reproducing head in this invention (reproducing head) consists of the above- 
mentioned magnetoresistance-effect type element, and, as for a soft-magnetism film and a 
ferromagnetic, the magnetic field of 0 - 180 degrees may change to the magnetic film from which 
the magnetic film from which the direction of a magnetic field leans 90 degrees mutually, and 
serves as a free layer by the magnetic field from a record medium serves as the fixed bed. 
[0040] In this invention, the magnetic recording medium which carried the magnetoresistance- 
effect element using the huge magnetoresistance effect as a means corresponding to high 
recording density in the magnetic head is used. 

[0041] There is development of the antiferromagnetism film which carries out a direct laminating 
to a ferromagnetic and produces switched connection bias as one of the technical problem of 
the. Let the principal components of the aforementioned antiferromagnetism film be chromium 
and manganese in the first place by this invention as a The means for solving a technical 
problem. Two or more elements chosen one of a platinum group, gold, silver, copper, nickel, and 
the cobalt or from these are added, in order to make the property good, the second is made to 
increase a lattice constant for this structure with a body centered cubic structure, and the size 
of a switched connection magnetic field and the temperature characteristic are improved to it. In 
order to increase the size of the 1 direction anisotropy generated [ third ] between a 
ferromagnetic and the antiferromagnetic substance, it considers as the cobalt alloy which 
composed the ferromagnetic as cobalt and composed cobalt the principal component. When 
using as a soft magnetic material, its Co-Fe-nickel alloy is good, and composition of a cobalt 
alloy has a good Co-Pt alloy, when using as a high coercive force material. It heat-treats, in 
order to arrange [ the fourth and ] the direction of an one direction anisotropy. To the fifth, 
especially, although it is effective in a spin bulb type magnetoresistance-effect film, the 
ferromagnetic layer which touches an antiferromagnetism layer is made into the layered product 
of three layers or the ferromagnetic layer beyond it, and sum total thickness is set to 3nm or 
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more, and the heat deterioration of properties, such as the magnetoresistance effect, is 
prevented. 

[0042] In this invention, in the magnetic recorder and reproducing device which made the 
reproduction section such material composition and the magnetoresistance-effect element 
which used magnetic properties, short [ the record wavelength recorded on high recording 
density, i.e., a record medium, ], the width of face of a recording track can realize narrow record, 
can obtain sufficient reproduction output, and can keep record good. 

[0043] That is, the magnetoresistance-effect element concerning this invention realizes fixed 
bias or vertical bias with the antiferromagnetic substance of a chromium machine alloy, or the 
antiferromagnetic substance and the cobalt system ferromagnetic of Mn machine alloy. 
Moreover, the ferromagnetic layer which touches an antiferromagnetism film can be constituted 
like the layered product of a three or more-layer ferromagnetic layer, for example, 
Co/NiFeCr/Co, a spin bulb type magnetoresistance-effect element with high resistance rate of 
change, a big switched connection magnetic field, and high thermal stability can be realized by 
setting preferably 3nm or more of the sum total thickness to 3^20nm, and the 
magnetoresistance-effect element and the magnetic head which have sensitivity and reliability 
with this good result, and the high magnetic recording medium of recording density can be 
obtained. 

[0044] The reproducing head concerning this invention is a magnetometric sensor containing a 
ferromagnetic and the antiferromagnetic substance stuck to a ferromagnetic, a part of 
aforementioned antiferromagnetic substance [ at least ] which makes the aforementioned 
ferromagnetic discover the 1 direction anisotropy is a Cr-Mn alloy, and a part of portion [ at 
least ] stuck to the aforementioned antiferromagnetic substance of the aforementioned 
ferromagnetic consists of Co or a Co alloy. Moreover, the reproducing head concerning this 
invention has the 1st and 2nd magnetic layers of a ferromagnetic divided by the non-magnetic 
metal layer, and the antiferromagnetism layer prepared in contact with either of these magnetic 
layers. When an impression magnetic field is zero, the magnetization direction of the 1st 
magnetic layer of the aforementioned ferromagnetic A means to have a means to have the 
direction which intersects perpendicularly to the magnetization direction of the 2nd 
aforementioned layer, and to fix the magnetization direction of the 2nd magnetic layer of the 
above, or not to have, and to make the aforementioned magnetoresistance-effect element 
produce current, It is characterized by having a means to detect electric resistance change of 
the aforementioned magnetic-reluctance sensor produced by rotation of the 1st-layer 
[ aforementioned ] magnetization as a function of the magnetic field detected, for the above 1st 
and the 2nd magnetic layer being Co or Co alloy, and the aforementioned antiferromagnetism 
layer being a Cr-Mn alloy. 

[0045] As for the aforementioned magnetoresistance-effect element, it is desirable to have the 
composition of a soft-magnetism layer / non-magnetic layer / ferromagnetic layer / 
antiferromagnetism layer, and for magnetization of the aforementioned soft-magnetism layer to 
rotate according to an external magnetic field, and for a relative angle with magnetization of the 
aforementioned ferromagnetic layer to change, and to have a magnetoresistance-effect 
operation. 

[0046] The aforementioned Cr-Mn alloy has a desirable thing containing 30 - 70 atom %Mn, and 
0.1 -30 atom % content of at least one chosen from the group which consists of Co, nickel, Cu, 
Ag, Au, Pt, Pd, Rh, Ru, Ir, Os, and Re further can be done by the sum total content. 
[0047] The aforementioned ferromagnetic layer consists of a layered product which has Co or 
Co alloy thin film to both sides through Co, Co alloy, or nickel alloy thin film, the aforementioned 
antiferromagnetism layer A Cr-Mn alloy Or it is a Cr-Mn-X alloy and it is desirable that it is at 
least one chosen from the group which Above X becomes from Co, nickel, Cu, Ag, Au, Pt, Pd, Rh, 
Ru, Ir, Os, and Re, and a sum total content is 0.1 to 30 atom %. 

[0048] As for the aforementioned magnetic storage, it is desirable to perform the magnetization 
process cooled while equipment environmental temperature's driving above 100 degrees C and 
the aforementioned magnetometric sensor heat at temperature lower than the blocking 
temperature to which the 1 direction anisotropy generated in the laminating composition of the 
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aforementioned ferromagnetic layer and an antiferromagnetism layer and the magnetic field 
generated from the current to which it flows to a magnetometric sensor being almost same 
directions, and the aforementioned 1 direction anisotropy disappear and impress a magnetic field. 

[0049] As for this invention, what has at least one of the following requirements is desirable. 
[0050] The saturation magnetic flux density of the ferromagnetic layer of the above second is 
smaller than the aforementioned first and second saturation magnetic flux density of a 
ferromagnetic layer. 

[0051] The aforementioned ferromagnetic layer thickness should be 3nm - 20nm. 
[0052] At least one as which the ferromagnetic layer of the above second was chosen from the 
group which 50 to nickel 85 atom %, 1 5 to iron 20 atom %, and the remainder become from 
chromium, vanadium, titanium, copper, gold, silver, a platinum group, a tantalum, niobium, a 
zirconium, and a hafnium is contained 35% or less in total, and saturation magnetic flux density is 
0.9. It is below a tesla. 

[0053] The saturation magnetic flux density to which either [ of a ferromagnetic layer / at least ] 
the aforementioned first or the third make Co a principal component is 1 .0. The magnetic 
substance more than a tesla to bird clapper. 

[0054] The aforementioned Cr alloy antiferromagnetism film is the crystal lattice of a body 
centered cubic structure or CsCI type structure 0.1 Have the structure made distorted in the 
range of 1 0% of shells. 

[0055] Perform heat treatment which makes the above-mentioned Cr alloy antiferromagnetism 
film distorted. 

[0056] The aforementioned Co alloy consists of Co, nickel, and Fe, the composition is Co30 to 
98 atom %, 30 atom [ from nickelO ] %, and 50 atom [ from Fe2 ] %, and is 95 atom % and 1 5 atom 
[ from Fe5 ] % from Co85 especially, or it is 70 atom %, 30 atom [ from nickeMO ] %, and 20 atom 
[ from Fe5 ] % from Co50. 

[0057] The aforementioned Co alloy consists of Co, nickel, Fe, and an alloying element X, the 

sum total of Co, nickel, and Fe is 70 to 98 atom %, X is 2 to 30 atom %, and Above X should be 

plural [ of Cu, Cr, V, Ti Ta, Nb, Zr, Hf, and a platinum group / any one or plural ]. 

[0058] An oxide film is formed by heat treatment, the thin film coating technology, or ion 

implantation on the above-mentioned Cr alloy antiferromagnetism film front face, and it is a bird 

clapper. 

[0059] It is the 2nd magnetic layer of the aforementioned ferromagnetic with which an 
aforementioned means to fix the magnetization direction of the 2nd magnetic layer of the 
aforementioned ferromagnetic has coercivity higher than the 1st magnetic layer of the 
aforementioned ferromagnetic. 

[0060] Have the antiferromagnetism layer to which an aforementioned means to fix the 
magnetization direction of the 2nd magnetic layer of the aforementioned ferromagnetic contacts 
the 2nd magnetic layer of the aforementioned ferromagnetic directly. 
[0061] Have the hard ferromagnetism layer to which an aforementioned means to fix the 
magnetization direction of the 2nd magnetic layer of the aforementioned ferromagnetic contacts 
the 2nd magnetic layer of the aforementioned ferromagnetic directly. 

[0062] The magnetization direction of the thin film layer of each aforementioned ferromagnetic 
to the direction of the aforementioned current should be appointed to be added to the 
aforementioned electric resistance change of the aforementioned magnetoresistance-effect 
element which anisotropy magnetic reluctance produces by rotation of magnetization of the 
magnetic layer of each aforementioned ferromagnetic. 

[0063] The magnetization direction of the thin film layer of each aforementioned ferromagnetic 
to the direction of the aforementioned current should be appointed to be added to the 
aforementioned electric resistance change of the aforementioned magnetoresistance-effect 
element which anisotropy magnetic reluctance produces by rotation of magnetization of the 1st 
magnetic layer of the aforementioned ferromagnetic. 

[0064] Have further a means to produce bias lengthwise [ sufficient ] to hold the 1st magnetic 
layer of the aforementioned ferromagnetic in the single domain state. 
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[0065] Have the antiferromagnetism layer to which an aforementioned means to produce 
lengthwise bias contacts directly only the edge field of the 1st magnetic layer of the 
aforementioned ferromagnetic. 

[0066] Have the hard ferromagnetism layer to which an aforementioned means to produce 
lengthwise bias contacts directly only the edge field of the 1st magnetic layer of the 
aforementioned ferromagnetic. 

[0067] Have further a means to produce bias lengthwise [ sufficient ] to hold the 1st magnetic 
layer of the aforementioned ferromagnetic in the single domain state. 
[0068] Have the antiferromagnetism layer to which an aforementioned means to produce 
lengthwise bias contacts directly only the edge field of the 1st magnetic layer of the 
aforementioned ferromagnetic. 

[0069] Have the hard ferromagnetism layer to which an aforementioned means to produce 
lengthwise bias contacts directly only the edge field of the 1 st magnetic layer of the 
aforementioned ferromagnetic. 
[0070] 

[Embodiments of the Invention] 

(Example 1) Drawing 1 - drawing 5 show the structure near the recording head section when 
seeing the magnetic head from a slide side side. MR and a GMR film are under the lower 
magnetic film 5 used as an up shield film, and it becomes a reproducing-head portion. As for a 
substrate, what has small surface irregularity (5nm or less) is desirable. 

[0071] As shown in drawing 1 , the film of high specific resistance (80 or more microomegacm) 
and Bs>1.5T ** is created by the sputtering method or the ion beam sputtering method to a part 
of lower magnetic film 1 1 f 0.1 or a 0.2-micrometer nonmagnetic membrane is formed by the 
sputtering method on it, and it considers as the gap film 4. adding oxygen and nitrogen into Fe, 
CoFe, or a CoNiFe alloy at the magnetic film which satisfies this property, and adding oxygen, 
nitrogen, and an element with a strong affinity simultaneously, or aluminum2 — 03 and Si02 etc. 

— by carrying out the laminating of the ferromagnetic to an oxide or a nitride, a high specific 
resistance film is realizable Moreover, a magnetostriction constant can be controlled by other 
alloying elements (for example, 3d transition metals) or adjustment of hardener composition, and 
it depends for it also on oxygen or nitrogen concentration by it. The ground 3 of a plating film is 
formed by the sputtering method on this high specific resistance film. A ground 3 can also be 
considered as a high specific resistance film by considering as the material mentioned above, and 
thickness is 100nm or less. The resist frame 2 is formed on a ground 3, and the up magnetic film 

1 is produced by the galvanizing method, the width of recording track — the interval of a frame - 

— being decided — the frame galvanizing method — 0.5 micrometers up to — it was checking 
that it was producible without composition change, and the width of recording track created 0.5 
or the 1 .5-micrometer head a resist frame — the RIE (reactive ion etching) method — Si02 etc. 

— an oxide is used as a mask and produced By the frame galvanizing method, specific 
resistance is the alloy film which makes a principal component Fe of 60 or less microomegacm, 
NiFe, CoFe, or CoNiFe. It is good also as structure which uses as a high specific resistance film 
a part of up magnetic film created by this galvanizing method, and is shown in drawing 5 . It is 
possible to reduce a side fringe by milling or the RIE method by using the up magnetic film 1 as a 
mask by removing a part of ground 3, gap film 4, and lower magnetic film 1 1 (up shield film of MR 
or GMR) without the reattachment (trimming). When using the RIE method, by optimizing a type 
of gas, gas pressure, and an etch rate, the up magnetic film 1 can be used as a mask, and it can 
etch into a perpendicular mostly. The thickness of a high specific resistance film is 0.5 of the 
thickness of a gap film. Or it is considering as 3 or more times, and the record performance 
degradation in high frequency can be suppressed, the thickness of the up magnetic film 1 — 2 or 
3 micrometers — it is — the up magnetic film 1 — it is difficult to use all as the plating film of 
high specific resistance Its membrane stress is large, and in order that the film with which the 
reason is satisfied [ with a plating film ] of all properties (Quantity rho, low Hk, low [ lambda ]) 
may use the various additives for high resistance, and the additive for stabilization of a plating 
bath, when it adds, they are that management of a plating bath is difficult, that Bs falls, and that 
adjustment of a magnetostriction is more difficult than the sputtering method. Then, the 
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recording head of the structure which shows a part of up magnetic film in drawing 5 created by 
the high specific resistance up magnetic film 12 is producible. 

[0072] As shown in drawjng_3 , it is possible to produce the film (the lower magnetic film 5 and 
up magnetic film 1) of the upper and lower sides of a gap 4 by the galvanizing method, and to 
produce the high specific resistance up magnetic film 12 by the sputtering method on [ frame ] a 
part and the up magnetic film 1 . In this case, gap films are conductive nonmagnetic membranes 
(Cr alloys, such as a CrNi alloy and a CrCu alloy, a NiW alloy, precious alloy, etc.). moreover, a 
frame — Si02 etc. — it is an oxide, and like drawing 1 , there is no frame removal process and a 
frame remains in a surfacing side as it is The RIE method is used for frame formation. Or a frame 
is removed after plating film formation using a resist frame, and the lower magnetic film 5, the 
gap film 4, and the up magnetic film 1 of high Bs can be produced by the almost same width of 
face as a frame interval. Moreover, the height of a frame is good at the value near the sum total 
thickness of the up magnetic film 1, the lower magnetic film 5, and the gap film 4. The thickness 
of the up magnetic film 1 and the lower magnetic film 5 is about 3 or less times of the thickness 
of a gap film. 

[0073] it is shown in drawing 2 as a recording head of drawing 3 and similar structure — as — 
up to a gap 4 and the ground film 3 — the sputtering method — after production and a frame — 
Si02 etc. — it produces with an oxide, and the ferromagnetic of low specific resistance is 
formed in an up magnetic film by the galvanizing method, and the high specific resistance up 
magnetic film 1 2 is produced by the sputtering method on [ frame ] a part and the up magnetic 
film 1 still like drawin g 3 Bs of a high specific resistance film is smaller than Bs of the up 
magnetic film 1 produced by the galvanizing method. Since it is a multilayer with ******, such as 
an oxide, or an oxide film in order to consider as high specific resistance, it becomes smaller 
than Bs of the up magnetic film 1. In this case, the lower magnetic film 5 may become larger than 
the method of others [ fringe / side ] a latus sake rather than the width of face (width of 
recording track) of the up magnetic film 1. 

[0074] Although drawing 4 is dr awi ng 1 and analogous structure, the thin high specific resistance 
up magnetic film 1 2 is formed with plating also on a gap 4. Thickness is 0.5 of a gap. Or it is 3 
times, and plating is also possible, while the effect of high specific resistance will appear in a 
record performance clearly, if it is the thickness of this range. The high specific resistance up 
magnetic film 12 which consists of this plating film is a ferromagnetic alloy film containing 
elements, such as P, B f and O, and is specific resistance (60micro omegacm) smaller than the 
resistivity of the high specific resistance film currently formed by the above-mentioned 
sputtering method. Furthermore, it is also possible to use some up shield films 1 1 and a part of 
up magnetic film 12 as a high specific resistance (more than 80micro omegacm) film using the 
sputtering method, as shown in drawing 5 . 

[0075] Drawing 5 is the structure of the recording head seen from the surfacing side, and the 
structure of a field where this head was perpendicularly cut from the surfacing side serves as 
drawing 6 (5). The lower magnetic pole and the up magnetic pole have multilayer structure, and 
the vertical magnetic films 13 and 14 in contact with the gap film 5 can be produced by the 
galvanizing method. The vertical magnetic films 13 and 14 are films which added 3d transition- 
metals element into a NiFe alloy, CoNiFe-(Pt, Pd) alloys, or these alloys. A gap film is producible 
using the same frame as a vertical magnetic film. For the magnetic properties of the vertical 
magnetic films 13 and 14, Bs is LOT. For specific resistance, 60 or less microomegacm and Hk 
are 20 above. A magnetostriction constant (lambda) is 1x10 to five or less below Oe. the 
thickness of the vertical magnetic films 13 and 14 — each — 3 or more times of a gap film — it 
is — the thickness of a gap film — 0.1 micrometers it is . the material of a gap film — a ratio — 
it is a magnetic electric conduction film and they are a CrNi alloy, a CuCr alloy, a NiW alloy, or a 
noble-metals film The high specific resistance magnetic films 1 1 and 12 are producible by the 
sputtering method, and they are the mixed phase film of NiFe, the cascade screen of 
20aluminum3 film and a NiFe film, and 20aluminum3 film, the mixed phase film of NiFeN and 
aluminum 203, or a multilayer of NiFeN and aluminum 203, and they control composition and film 
composition so that membranous specific resistance becomes high rather than the above- 
mentioned vertical magnetic films 13 and 14. In order to make specific resistance high and to use 
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the technique of multilayering or ****** as mentioned above, membranous saturation magnetic 
flux density falls and it becomes smaller than the vertical magnetic film produced by the 
galvanizing method. That is, the direction of the saturation magnetic flux density of the vertical 
magnetic films 13 and 14 in contact with the gap becomes higher than a high specific resistance 
film. It is better to carry out a high saturation-magnetic-flux-density film near the gap film like 
[ in order to make high magnetic field strength on the gap of a surfacing side ] this example. The 
thickness of the high specific resistance film 12 is about 3 micrometers, moreover, the width of 
face of the high specific resistance up magnetic film 12 and the high specific resistance lower 
magnetic film 1 1 — the film of the vertical magnetic films 13 and 14 — about 0.5 from — 1 
micrometer — large — the width of face of a vertical magnetic film — about 0.5 micrometers it 
is . In plating, it is Si02. What is necessary is to use a resist frame besides using a frame, to 
cover portions other than the vertical magnetic film 13 and 14 by protective coats (aluminum 
203, Si02, etc.) after resist removal after plating, and just to form the high specific resistance 
ferromagnetic of latus width of face on a vertical magnetic film and a protective coat. Although 
the coil serves as two-layer, one layer is sufficient at (5) of drawing 6 . 

[0076] A vertical cutting plane is shown in drawing 6 from the sliding surface of a recording head. 
(1), (2), (3), (4), and (5) show the cutting plane corresponding to drawing 1 , drawing 2 , drawing 
3 , dra wi n g 4 , and drawing 5 , respectively. In (1), an up magnetic film consists of a magnetic film 
of one layer, a lower magnetic film consists of two-layer magnetic films, and the magnetic film 
near the gap film 56 of a lower magnetic film is a high specific resistance film. On the gap film 56, 
a coil 55 is in an insulator layer, and a magnetic field is generated from a surfacing side by 
passing current in a coil. One layer and the up magnetic film have [ the lower magnetic film ] 
two-layer structure, and the structure of (2) uses the magnetic film near the gap film 56 of an up 
magnetic film as the high saturation-magnetic-flux-density low specific resistance film 51. This 
high saturation-magnetic-flux-density low specific resistance film is produced with plating, and 
the width of face of this magnetic film determines the width of recording track. The width of face 
of the high saturation-magnetic-flux-density low specific resistance film which the high 
saturation-magnetic-flux-density low specific resistance film was formed only in the surfacing 
side side of an up magnetic film, and was seen from the surfacing side side is narrow as shown in 
drawing 2 rather than the high specific resistance magnetic film 52. The structure of (2) can form 
a ** truck easily rather than the structure of (1). (3) consists of magnetic films two-layer in a 
lower magnetic film and an up magnetic film. A lower magnetic film consists of a high saturation- 
magnetic-flux-density low specific resistance film 51 and a ferromagnetic 54 under it, and the up 
magnetic film consists of a high saturation-magnetic—flux-density low specific resistance film 51 
and a high specific resistance magnetic film 52. The high saturation-magnetic-flux-density low 
specific resistance film 51 and the gap film 56 are produced by the galvanizing method, and 
produce the high specific resistance magnetic film 52 by the sputtering method. (3) And since 
the width of face which used the high saturation-magnetic-flux-density low specific resistance 
film for the upper and lower sides of the gap film 56, and was seen from the surfacing side with 
the structure of (5) can make it narrower than the width of face of other magnetic films, it is 
structure effective in the recording head of a ** truck, and magnetic field strength can be made 
high since the high saturation-magnetic-flux-density film is used near the gap and the magnetic 
film of high specific resistance is used, a RF property is also good. The high saturation- 
magnetic-flux-density film 51 forms (4) in the whole magnetic pole of the upper and lower sides 
of the gap film 56, and if only a surfacing side carries out ** truck processing like drawing 4 , it 
does not need to use the process which forms only a surfacing side side by the galvanizing 
method as shown in (3) and (5). (5) uses the high specific resistance magnetic film 52 for the 
magnetic pole material of the upper and lower sides which are separated from a gap using the 
high saturation-magnetic-flux-density low specific resistance film in contact with the gap film 56 
although it had become (3) and similar structure, and a RF property is fitness and 1 .0 
micrometers. The following formation of a ** truck is possible. In drawing 6 , the high saturation- 
magnetic-flux-density low specific resistance film 51 is the material with saturation magnetic 
flux density smaller than the material of the high magnetic pole portion of others [ specific 
resistance ] from the magnetic pole material used for other portions in each recording head. The 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_eije 



03/10/02 



13/20 ^— v 



material used for the high saturation-magnetic-flux-density low specific resistance film 51 is the 
material which added 3d transition-metals element into for example, a CoNiFe alloy, NiFe alloys, 
or these alloys. In producing with plating on the gap film 56, when producing a nonmagnetic 
electric conduction film by the other methods, the oxide of aluminum 203 or Si02 grade or a 
nitride, carbide, or these mixed phases are sufficient. 

[0077] The example of structure of the recording head of drawing 6 and similar structure is 
shown in drawing 7 . In (1), the magnetic film of the upper and lower sides which are separated 
from the gap film 56 in the high specific resistance magnetic film 52 is used, and the small 
ferromagnetic 54 of specific resistance is used for the magnetic-gap side rather than the high 
specific resistance magnetic film 52. The volume of the high specific resistance magnetic film 52 
is larger than the volume of the ferromagnetic 54 of low specific resistance, and improves rather 
than the case where a RF property does not use a high specific resistance film. (2) A recording 
head with good ** truck and RF property can be offered by forming the magnetic film in contact 
with the gap film and the gap film by ** truck, and making the magnetic film on it into the high 
specific resistance magnetic film 52. The up magnetic film is three layers, (3) produces the gap 
film 56 to a flat part, and the high specific resistance magnetic film 52 is formed through a 
magnetic film with narrow width of face on it. It is possible by the ferromagnetic 54 of low 
specific resistance being on the high specific resistance magnetic film 52, and making high 
saturation magnetic flux density of this ferromagnetic 54 of low specific resistance to make 
magnetic field strength of a surfacing side high, saturation magnetic flux density of the material 
near the gap can be made higher than (3) because (3) makes the portion which is separated from 
a gap film to the ferromagnetic 54 of low specific resistance in the portion near the gap film 56 
the high specific resistance magnetic film 52 although similar structure is the recording head of 
(4) and the up magnetic film has a three-tiered structure — it can come out and magnetic field 
strength can offer a high head from (3) 

[0078] Drawjng_8 (a) shows the cross section of the magnetic head which has the new structure 
of this invention. 

[0079] Between the lower core 25 and the up core 27, a coil 26 is **** rare ******. The coil 26 
consists of aluminum with a thickness of 2 micrometers or Cu. It fills up with the insulating 
material 31 nonmagnetic for the purpose holding the electric insulation with a coil 26 and cores 
25 and 27. 

[0080] the magnetic head of this invention — between the up core 27 and the lower cores 25 — 
a magnetic pole — the magnetic gap 1 0 which consists of an insulating nonmagrietic membrane 
is newly inserted with members 32 and 33, and the feature is in the point that a magnetic gap (or 
record gap) is formed of these members Moreover, the point of having formed the magnetic-path 
material 41 and 42 between the up core 27 and the lower core 25 is in other features. This 
structure is not indispensable structure when realizing this invention. The magnetic-path 
material 41 and 42 is suitable when realizing flattening of the up core 27, and it is effective in 
reducing the influence of the stress (magnetostriction) which remains after manufacture, said 
division material — a magnetic pole — the rise of a manufacturing cost was able to be 
prevented members 32 and 33, simultaneously by forming 

[0081] This drawing (b) is drawing which looked at the magnetic head from the up core side. 
Signs that the coil 26 is rolled spirally are known. This coil 26 is combined with the electrode 30 
(drawing (a)) by the contact hole 34. Moreover, the up core 27 and the lower core 25 are 
combined by the magnetic contact hole 35. This magnetic contact hole 35 has composition 
including the magnetic-path material 41 and 42 shown previously. 

[0082] The insulating magnetic gap 10 which is the feature of this invention is located at the 
nose of cam of the up core 27 and the lower core 25, and has structure which a part exposes to 
a sliding surface. If the structure of said division material is seen from alpha, it will become as it 
is shown in drawing (c). namely, between the up core 27 and the lower cores 25 — a magnetic 
pole with narrow width of face — members 32 and 33 are inserted and the magnetic gap 10 
which consists of an insulating nonmagnetic membrane exists in the position further inserted into 
these members a magnetic pole — members 32 and 33 are magnetically [ as the nose-of-cam 
magnetic pole of the up core 27 and the lower core 25 ] united, respectively For this reason, the 
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gap section will consist of magnetic poles which have a convex configuration mutually. 
[0083] Moreover, drawing (c) understands signs that the above-mentioned magnetic head is in 
agreement with the magnetic pole structure seen from the record medium and the field to 
approach, and an up magnetic pole has a convex configuration from drawing, and heights are 
formed toward the lower magnetic pole. 

[0084] Moreover, both these magnetic poles especially have a convex configuration, and drawing 
(c) shows that the width of face of the heights of an up magnetic pole and the heights of a lower 
magnetic pole is almost equal. 

[0085] Moreover, in the case of this invention, it is about 0.8 micrometers about the height of 
heights. It carried out. Moreover, width of face of heights was set to 1 micrometer. The height of 
this relation to heights becomes low compared with the width of face of heights. 
[0086] The structure indicated in this invention can lower magnetic-path resistance, and 
describes the principle using drawing 9 and drawing 10 . drawing 9 — a magnetic pole — the 
cross section of the conventional magnetic head of a publication is shown in JP,7-296328,A 
without members 32 and 33 Drawing 9 shows the magnetic gap inserted from the lower core 25 
and the up core 27. The write-in magnetic flux to a medium 61 is drawn like the path indicated to 
be beta. However, in order to attain high-density record, when the width of face by the side of 
the gap nose of cam of the up core 27 (magnetic pole width of face) was narrowed, magnetic- 
path resistance increased and magnetic flux became remarkable [ the phenomenon of flowing like 
Path alpha ] from this influence in the field 50 which magnetic-path resistance increases. For 
this reason, the amount of magnetic flux led to the gap point 57 was not able to decrease, and 
required magnetic flux was not able to be taken out from a gap (magnetic pole) nose of cam. 
[0087] on the other hand, the magnetic pole shown in drawing 10 — the case of the magnetic 
head which has members 32 and 33 — between the up core 27 and the lower cores 25 — a 
magnetic pole — members 32 and 33 exist For this reason, the path of Path alpha can be 
lengthened by the thickness of these members (the field of non-magnetic material can be made 
large). Even if magnetic-path resistance increases from this effect by narrowing magnetic pole 
width of face, the increase in the amount of magnetic flux which flows Path alpha can be pressed 
down low. 

[0088] The above-mentioned effect was accepted also on the write-in frequency of 150MHz or 
more. This is the effect to which this invention used the insulating nonmagnetic membrane for 
the magnetic gap. Moreover, when amorphous magnetic films of high electric resistance, such as 
CoTaZr, were used for magnetic pole material, write-in frequency was able to be raised to 
200MHz. 

[0089] Conventionally which is indicated by JP.7-296328A with structure, since the inside of 
the trench structure used as heights consisted of low electric resistance material, it was easy to 
generate the eddy current in this portion, and the upper limit of write-in frequency was 
restricted to 100MHz. 

[0090] moreover, it was shown in (c) of drawing 8 — as — a magnetic pole — the width of face 
w1 of members 32 and 33 is narrow compared with the width of face of the up magnetic pole 27 
and the lower magnetic pole 25 This is also the reason by which a magnetic pole configuration 
has a convex configuration. It cannot be overemphasized that magnetic flux concentrates on the 
heights which meet from the effect of this configuration. Therefore, coil current (write-in 
current) is adjusted and writing does not occur in any fields (a gap size becomes large) other 
than heights on the conditions which made in agreement the magnetic field from heights, and the 
magnetic field which is needed for the writing of a medium. Therefore, the width of face of the 
truck written in can be made mostly in agreement with the width of face of heights. 
[0091] The field which is possible also for constituting only heights from high electric resistance 
and high saturation magnetization material, and is equivalent to the width of face of heights from 
this effect can be made to generate a strong magnetic field in this invention furthermore. Even if 
it has the magnetic pole configuration which has a convex configuration from this effect, it can 
perform restricting the write-in width of recording track to the width of face of heights efficient. 
[0092] Moreover, if the process later described since it is low is used compared with the width 
of face of heights, width of face of heights will be made as for the height of heights to 2 
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micrometers or less. From this effect, width of face by which writing is performed to a medium is 
easily made to 2 micrometers or less. 

[0093] There is no need that the width of face of the lower core 25 also dares narrow the width 
of face of the up core 27 when realizing high-density record, in order to determine by width of 
face of heights the width of face to which writing is performed furthermore in the case of this 
invention. There is no increase in the magnetic-path resistance from this effect, and a required 
magnetic field can be efficient and can lead to the magnetic pole nose-of-cam (gap section) 
section. 

[0094] In the case of the conventional magnetic head which uses an insulating nonmagnetic 
membrane for a magnetic gap, a configuration will be divided roughly into three kinds shown in 
drawing 11 if a magnetic pole is seen from a sliding-surface side. What consists of magnetic 
poles 27 and 25 with the equal length indicated to be what consists of magnetic poles 27 and 25 
from which the length which they show to (a) differs to (b), and the magnetic pole 25 which has a 
salient exist in one side further, (b) is what improved the magnetic pole structure of (a), and 
since the length of a magnetic pole is equal, it has the feature with few disclosure magnetic 
fields of the direction of the width of recording track. For this reason, it is thought that it is 
advantageous to the writing of a ** truck. However, with this structure, there is a fault which 
cannot use a magnetic pole 25 also [ layer / shield / to a magnetoresistance-effect element ]. It 
is the structure of (c) which coped with this fault. 

[0095] In order to realize ** truck-ization in the structure of (c) shown in drawin g 1 1 f it is 
necessary to narrow width of face W. For this reason, reduction of the write-in magnetic flux 
accompanying the increase in magnetic-path resistance shown in drawing 4 arises. For this 
reason, it is efficient and high-density information cannot be written in. 

[0096] Since the width of face of the write-in gap section is restricted by the width of face of 
heights, the structure of this invention has few breadths of the disclosure magnetic field to the 
direction of the width of recording track like the magnetic pole shown in (b) of drawing 11 . For 
this reason, it is suitable for high-density record. Furthermore, since the width of face of a lower 
core is wider than the width of face of heights, any problem is not produced to use a lower core 
also [ layer / shield / to a magnetoresistance-effect element ], either. 

[0097] The problem in connection with the high-density record which was described above and 
from which the magnetic-head structure of this invention became a problem by the magnetic 
head of the conventional technology like does not arise at all. The manufacturing process of the 
magnetic head which realizes this outstanding performance is described using drawing 12 . 
[0098] This drawing looks at signs that the magnetic pole nose of cam of a magnetic core is 
formed from the direction "alpha" shown in d raw ing 8 (b). A process is described in order along 
drawing. 

[0099] At the process (a), the laminating of the lower magnetic film 73 which constitutes a lower 
magnetic pole on a substrate (or a ground layer or ground structure) 74 was carried out first. 
The nickel-Fe alloy film was used as a magnetic film. Thickness was set to 2 micrometers. 
Besides, the laminating of the alumina film 75 with a thickness of 0.3 micrometers is carried out 
as an insulating nonmagnetic membrane, and it is 0.8 micrometers in thickness further. The 
laminating of the magnetic film 72 which consists of a nickel-Fe alloy was carried out. the resist 
pattern 71 of the width of face (it is equivalent to the write-in width of recording track) of 
heights after finishing a laminating — a phot — it formed by the lithography method Thickness 
was set to 1 micrometer. 

[0100] Subsequently, at the process (b), the alloy magnetic film 72 was **********ed on the 
mask by the ion milling method in the resist pattern 71, and the portion used as the height of an 
up magnetic pole was formed. After an appropriate time, a part for the height of the up magnetic 
pole formed by the resist pattern 71 and etching was used as the mask, and the alumina film was 
5Me********ed by the reactant gas of a chlorine system and a fluorine system. Then, heights 
were formed in the lower magnetic pole by **********ing a lower magnetic pole on a mask by 
the ion milling method in the member used as a part for the heights of an up magnetic pole again. 
The etching depth in this case is 0.8 micrometers. It carried out. The height to which length was 
[ magnetic pole / lower ] equal to the mask by **********ing by the ion milling method in the 
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member used as a part for the heights of an up magnetic pole can be made to meet. This is 
effective when lessening the breadth to the direction of the width of recording track of a 
disclosure magnetic field, and it serves as an important element when operating this invention. 
[0101] At the process (c) t after carrying out the laminating of the nonmagnetic and insulating 
nonmagnetic membrane 76 to the whole surface, while carrying out flattening processing of 
nonmagnetic and the insulating film which carried out the laminating, a part of magnetic film 72 
used as heights was exposed. After this process applies a heat-hardened type insulating material 
(called a spin-on glass) with the fluidity currently used for manufacture of a semiconductor etc., 
it performs predetermined heat treatment and can realize a substrate front face by carrying out 
wrapping processing mechanically further. Even if it uses the heat flow rate kinesis of a resist for 
others, it can form easily. 

[0102] It is a requirement that the magnetic film 72 which serves as heights when realizing this 
invention is exposed from an insulating layer. If it is the process which can realize this, flattening 
processing of an insulating layer will be unnecessary, for example, it will dare check not causing 
any problem to this invention, either also in the state where the thickness of the magnetic film 

72 from which the thickness of an insulating material 76 serves as heights is exceeded. Such 
when extreme (state which exceeds the thickness of the magnetic film 72 from which the 
thickness of an insulating material 76 serves as heights), a wave will arise in an up magnetic pole 
and a height will exist in the portion used as a valley. This structure is described independently. 
[0103] The remaining members which finally constitute an up magnetic pole member from a 
process (d) were formed. As up magnetic pole material, the nickel-Fe alloy film was used like 
before. 

[0104] According to the process described above, the magnetic pole structure shown in drawing 
8 (c) can be formed. In this example, although the nickel-Fe alloy film was used as a magnetic 
pole material, even if it used other soft-magnetism films, the magnetic head of this invention was 
able to be formed from the same process as this example. The writing in a RF state was 
realizable by using the soft-magnetism film of high electric resistance especially. The point which 
does not depend on an electroplating method but can form this soft-magnetism film is the 
feature of this invention, and the RF writing of it in which the conventional magnetic head is 
exceeded from this effect is attained. 

[0105] Next, the structure of having a valley is stated to an up magnetic pole. This structure can 
be manufactured from the manufacturing process of the magnetic head which includes the 
following process at least. It states like the point using drawing 12 . 

[0106] First, as shown in (a), after carrying out the laminating of the lower magnetic pole material 

73 on the magnetic-head ground structure 74, the laminating of the nonmagnetic membrane 75 
which consists of an alumina was carried out, and the laminating of the magnetic film 72 used as 
the heights which constitute a part of up magnetic pole further was carried out. 

[0107] Next, the resist pattern 71 was formed in the field which uses the lithography method and 
is equivalent to the heights of an up magnetic pole on the above-mentioned laminated structure. 
[0108] Subsequently, heights were formed in the lower magnetic pole by **********ing an 
insulating nonmagnetic membrane and a lower magnetic pole on a mask in the member which 
becomes a part for the heights of the above-mentioned resist pattern 71 and an up magnetic 
pole as shown in (b). 

[0109] Then, as shown in (c), after forming the member which serves as heights in the upper part 
and a lower magnetic pole, the laminating of nonmagnetic and the insulating film 76 was carried 
out by the thickness which exceeds heights to fields other than heights. Although it is displayed 
that the front face of the insulating nonmagnetic membrane 76 and the front face (72 front 
faces) of heights are located drawing in the same side, in this example, the thickness of the 
insulating nonmagnetic membrane 76 exceeds the front face (72 front faces) of heights. 
[0110] The magnetic-head magnetic pole configuration made into the purpose by forming the up 
magnetic film 77 which is the remainder of up magnetic pole material as shown in (d) after an 
appropriate time was manufactured. 

[01 1 1] The magnetic pole configuration of the magnetic head manufactured from the process 
which includes the above-mentioned process in drawing 13 at least is shown. From drawing, 
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heights understand well the configuration of the up magnetic film 77 which has a valley. 

[01 12] This configuration specifies that it was efficient, when drawing the magnetic flux of an up 

magnetic film in a height efficient. 

[01 13] The magnetic head of this invention was formed on the wafer which machined the 
sintered compact of an alumina and a titanium carbide. Then, predetermined machining was 
performed and the magnetic-head slider was manufactured. 

[01 14] According to the above-mentioned process, the width of face of the height which 
specifies the write-in width of recording track is decided by width of face of a resist pattern. 
However, the height of the magnetic pole height of this invention is making it lower than the 
width of face of a height, and does not dare need the thick resist pattern of thickness, this 
effect — since — compared with the resist pattern used as the mask pattern for plating, 
resolving is easy and sets width of face of a height to 2 micrometers or less — things can be 
carried out The magnetic head dealing with a ** truck can be easily manufactured from this 
feature. 

[0115] By using the head slider which consisted of these magnetic heads, high-density record of 
2 micrometers or less of width of recording track can be attained. 5Gb/inch2 considered to be 
conventionally impossible from this effect The above high-density magnetic recording medium is 
realizable. This is the effect which was able to draw magnetic flux efficient to a part for a 
magnetic pole point, and this effect was born by having constituted the magnetic pole nose of 
cam from a magnetic pole which has a salient mutually. 

[01 16] (Example 2) Drawing 14 uses a high specific resistance film given in an example 1 for a 
recording head, and shows an example of the record reproducing head which combined the 
reproducing head indicated to be a recording head below. The huge magnetoresistance-effect 
film 104 is used for the reproducing head, and the electrode 105 for passing current touches the 
huge magnetoresistance-effect film 104 electrically. Under an electrode 105 and the huge 
magnetoresistance-effect film 104, the lower shield film 106 is through a lower gap film. On the 
huge magnetoresistance-effect film 104, the high specific resistance lower magnetic film 108 
which turns into an up shield film through an up gap film is, and the high specific resistance lower 
magnetic film 108 has become a part of lower magnetic pole of a recording head. It is possible to 
use a part of this high specific resistance lower magnetic film 108 as a high specific resistance 
film, and to improve the RF property of a recording head. The gap film 102 of a recording head 
has equal magnetic film and width of face of the upper and lower sides, and its material of high 
saturation magnetic flux density is [ the up-and-down high saturation-magnetic-flux-density film 
101,103 ] more desirable than other magnetic pole portions. The latus quantity specific 
resistance up magnetic film 107 of width of face is used on this high saturation-magnetic-flux- 
density film 101. Current is passed in the coil 109 of a recording head, and it is recorded on a 
record medium 1 10 by the magnetic field from a recording head. In addition, the head of different 
structure which used the ferromagnetic tunnel film is sufficient as the reproducing head. 
[01 17] Drawing 1 5 is the fragmentary sectional view of the magnetic head (MR sensor) using the 
spin bulb magnetoresistance-effect film of other structures of this invention. 
[01 18] MR sensor of this invention is the structure where the 1st magnetic layer 45 of an 
elasticity ferromagnetic, the non-magnetic metal layer 21, and the 2nd magnetic layer 22 of a 
ferromagnetic were made to adhere on a suitable substrate 43 like glass and a ceramic. When 
the magnetic field is not impressed, it is made for the ferromagnetic layers 45 and 22 to become 
the angle difference each magnetization direction of whose is about 90 degrees. Furthermore, 
the magnetization direction of the 2nd magnetic layer 22 is fixed in the same direction as the 
direction of a magnetic field of a magnetic medium. The magnetization direction of the 1st 
magnetic layer 45 of an elasticity ferromagnetic in case the magnetic field is not impressed leans 
90 degrees to the direction of a magnetic field of the 2nd magnetic layer. It sympathizes with the 
impressed magnetic field, and magnetization rotation arises and changes to the 1 st magnetic 
layer 45. 

[01 19] The 1st magnetic layer 45 in this example, the non-magnetic metal layer 21, the 2nd 
magnetic layer 22, and the antiferromagnetic substance layer 23 can use the film composition 
used by the laminated structure shown in below-mentioned drawing 16 , drawing 1 7 , and drawing 
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18 , and can use Co82Cr9Pt9 and Co80Cr8Pt9(ZrO2) 3 for the hard ferromagnetism layer 47. 
The film composition of these drawing 16 , drawin g 17 , and draw ing 18 has the film composition 
equivalent to the 1 st magnetic layer 45 and the 2nd magnetic layer 22 in this example, and those 
directions of a magnetic field are formed like the above-mentioned. 

[0120] Before adhering the 1st magnetic layer 45 of an elasticity ferromagnetic, a suitable lower 
film 24 like Ta, Ru, or CrV is made to adhere on a substrate 43 in this example. The purpose to 
which the lower film 24 is made to adhere is for making the organization of a layer which makes 
it adhere behind, a grain size number, and a form optimize. The form of a layer is very important 
for acquiring the big MR effect. That is because the very thin spacer layer of the non-magnetic 
metal layer 21 can be used according to the form of a layer. In order to make influence by 
diverging into the minimum furthermore, a lower layer has good high electric resistance. A lower 
layer can be used also as reverse structure, as mentioned above. A substrate 43 is sufficient 
high electric resistance, it is fully a flat surface and, in the case of the suitable crystal structure, 
the lower film 24 is unnecessary. 

[0121] A means to produce bias is used for lengthwise [ for making the 1st magnetic layer 45 
hold in the domain state single in a direction parallel to space ]. The hard ferromagnetism layer 
47 in which a means to make lengthwise produce bias has high coercivity, high squareness, and 
high electric resistance is used. The hard ferromagnetism layer 47 touches the field of the edge 
of the 1st magnetic layer 45 of an elasticity ferromagnetic. The magnetization direction of the 
hard ferromagnetism layer 47 is parallel to space. 

[0122] An antiferromagnetism layer can be contacted to the field of the edge of the 1st 
magnetic layer 45, and can be made to adhere, and bias lengthwise [ required ] is produced. As 
for these antiferromagnetism layers, what has fully different blocking temperature is better than 
the antiferromagnetism layer 23 used in order to make the magnetization direction of the 2nd 
magnetic layer 22 of a ferromagnetic fix. 

[0123] Next, it is desirable that a capping layer of the material of high resistance like Ta is made 
to adhere to the whole MR sensor upper part for example. It has an electrode 28 and a circuit is 
formed between MR sensor structure, a current source, and a detection means. 
[0124] Dra win g 1 6 - drawing 1 8 are the films which constitute the magnetoresistance-effect 
element of this invention which replaced with each film of the non-magnetic metal layer 21 of 
drawing 15 , the 2nd magnetic layer 22, and the antiferromagnetic substance layer 23, and was 
formed, and were produced as follows by the RF magnetron sputtering system. In 3mm the 
atmosphere of a toll of argons, to the ceramic substrate with 1mm [ in thickness ], and a 
diameter of 3 inches, the laminating of the following material was carried out one by one, and 
they was produced. Each target of a tantalum, a nickel~20at% iron alloy, copper, cobalt, and 
chromium-50at% manganese was used as a sputtering target. By production of a chromium- 
manganese alloy film, the chip of the 1cm angle of an alloying element has been arranged on a 
chromium-manganese target, and composition was adjusted by increasing or decreasing the 
number of chips. Moreover, when making a Co-Fe-nickel layer as a ferromagnetic, on the cobalt 
target, the chip of the 1cm angle of nickel and iron has been arranged, and composition was 
adjusted. 

[0125] The cascade screen impressed RF power to the cathode which has arranged each target 
respectively, it generated plasma, opened and closed every one shutter arranged for every 
cathode, and formed each class one by one in equipment. While impressing the magnetic field of 
about 30 Oe(s) in parallel with a substrate using a permanent magnet at the time of film 
formation and giving a uniaxial anisotropy, an example of the formation conditions of a layer 
which guided the direction of the switched connection magnetic field of a chromium-manganese 
film in the direction of an impression magnetic field is shown in Table 1 . 
[0126] 
[Table 1] 
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[0127] The cascade screen heat-treated in vacuum-heat-treatment equipment after formation. 
From a room temperature to predetermined temperature, for example, 250 degrees C, the 
temperature up of the heat treatment was carried out, and predetermined time, it was held for 1 
hour, for example, and was performed by cooling to a room temperature. In the stroke of the 
above-mentioned temperature up, maintenance, and cooling, it carried out by impressing 5K of 
magnetic fields of Oe from 2 in parallel in the field of a substrate. The direction of the above- 
mentioned magnetic field was made into the direction parallel to the magnetic field impressed 
with the permanent magnet at the time of film formation. 

[0128] Patterning of the formation of the element on a base was carried out according to the 
photoresist process. Then, the base was processed into the slider and carried in the magnetic 
recording medium. 

[0129] Drawing 16 is drawing which compared the property heat treatment-spin bulb film which 
has magnetic layered product which used antiferromagnetism film / 81at%nickel~19at%Fe film of 
45at% chromium-45at% manganese-10at% platinum before, and after heat treatment. The joint 
magnetic field by the 1 direction anisotropy appears as a shift amount of the loop of the right- 
hand side in drawing. The joint magnetic fields before heat treatment are 380Oe(s) also after 
300Oe(s), 250 degrees C, and heat treatment of 3 hours. This is a size of the same grade as 
being shown by the well-known example, when NiFe layer thickness and the size of 
magnetization are taken into consideration. 

[0130] Drawing 1 7 is drawing which compared the property heat treatment-spin bulb film which 
has magnetic layered product which used antiferromagnetism film / Co film of 45at% chromium- 
45at% manganese-10at% platinum before, and after heat treatment. Although the joint magnetic 
fields before heat treatment are 300Oe(s) and are the same as the case of drawin g 1 almost, 
after 250 degrees C and heat treatment of 3 hours, the joint magnetic field is large to 600Oe(s) 
and a double-precision grade. This is a size about [ of the joint magnetic field shown by drawing 
1 ] double precision, when Co layer thickness and the size of magnetization are taken into 
consideration. 

[0131] Drawing 18 is another example of composition at the time of using the magnetic layered 
product of this invention as a spin bulb magnetoresistance-effect film. The antiferromagnetism 
film 30 (45at%Cr-45at%Mn-10at%Pt) and the ferromagnetic layer 65 to stick The Co layer 1 1 1 
directly joined to the antiferromagnetism film 30, the soft-magnetism layer 112 (81at%nickel- 
1 9at%Fe) with good magnetic properties, and a non-magnetic layer 62 (Cu) are touched directly, 
and it consists of a Co layer 1 13 which produces the huge magnetoresistance effect. The ground 
layer and the soft-magnetism layer 63 (81at%nickel-19at%Fe) by which the ground film 64 
controls other membranous orientation and diameters of crystal grain are a free layer. That is, 
the thickness and the property of the ferromagnetic layer 65 can be maintained, without 
arranging Co layer to a joint with an antiferromagnetism film, and a joint with a nonmagnetic 
membrane, not degrading the magnetic properties of the ferromagnetic layer 65 which is the 
fixed bed, and increasing the amount of magnetization of the whole layer not much. Therefore, 
the soft-magnetism layer 1 12 has good magnetic properties, and it is desirable that it is smaller 
than the layers 1 13 and 1 1 1 which saturation magnetic flux density becomes from Co, for 
example, it is nickel81Fe19 film whose saturation magnetic flux density is one tesla. Or 
saturation magnetic flux density is reduced further and it is 0.5. A tesla grade is sufficient, for 
example, a NiFe-Cr film etc. is suitable, this NiFe-Cr film consists of a NiFe alloy containing 0- 
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20at%Cr, and a NiFe alloy consists of 75-95at%nickeI and the remainder Fe. 
[0132] (Example 3) Drawin g 1 9 is the general drawing of a magnetic disk unit using the record 
reproduction discrete-type head shown in the example 2. The position on a record medium 203 
is controlled by the head positioning mechanism 202 on the magnetic disk whose record 
reproduction discrete-type magnetic head 201 is the record medium 203 which rotates by the 
motor, and the record reproduction discrete-type magnetic head 201 is connected with the 
regenerative-signal processor 204. 

[0133] It consists of an air filter for keeping pure the magnetic head for writing in, reading and 
carrying out the DC motor turning around a magnetic disk, and information and the pointing 
device of a means to change a position to a magnetic disk in support of this, i.e., an actuator and 
a voice coil motor, and the interior of equipment etc. in this equipment. An actuator consists of 
carriage, a rail, and bearing and a voice coil motor consists of a voice coil and a magnet. The 
magnetic disk of eight sheets is attached in the same axis of rotation, and these drawings show 
the example which enlarged total storage capacity. 

[0134] A magnetic disk is surface roughness RMAX. It considers as 100A or less and the 
desirable good medium of front-face nature 50A or less. The magnetic disk has formed the 
magnetic-recording layer in the front face of a rigid base by the vacuum forming-membranes 
method. As for a magnetic-recording layer, a magnetic thin film is used. The thickness of the 
magnetic-recording layer formed by the vacuum forming-membranes method is 0.5 micrometers. 
Since it is the following, the front-face nature of a rigid base is reflected as front-face nature of 
a record layer as it is. Therefore, a rigid base is surface roughness RMAX. A thing 100A or less is 
used. As such a rigid base, the rigid base which makes a principal component glass, the soda 
alumino silica glass by which the chemical strengthening was carried out, or a ceramic is suitable. 

[0135] Moreover, it is desirable in the case of a metal, an alloy, etc., for a magnetic layer to 
prepare an oxide layer and a nitride layer in a front face, or to use a front face as an oxide film. 
Moreover, use of a carbon protective coat etc. is desirable. By carrying out like this, the 
endurance of a magnetic-recording layer improves and damage on a magnetic disk can be 
prevented at the case where record reproduction is carried out by the ****** flying height, and 
the time of contact, a start, and a stop. 

[0136] As a result of measuring the performance (over-writing property) of the recording head 
by this invention evaluated by such composition, the outstanding record performance of about - 
50dB was obtained also in the RF field 40MHz or more. 

[0137] According to this example, it can fully record also in a RF field also to a high coercive- 
force medium, and they are the media transfer rate of 15MB/second or more, the record 
frequency of 45MHz or more, and magnetic-disk 4000rpm. It is 2 3 Gb(s)/inch as field recording 
density since MR sensor of the high sensitivity which has the MR effect which was excellent fast 
transmission of the above data, shortening of the access time, increase of storage capacity, and 
on the basis of the anisotropy magnetoresistance effect is obtained. The above magnetic disk 
unit is obtained. 
[0138] 

[Effect of the Invention] According to this invention, a part of magnetic pole of a recording head 
is created by the high specific resistance film, and since a record performance can make it hard 
to fall in high frequency, the magnetic storage of quantity recording density is obtained. 
[0139] Furthermore, the high-density magnetic storage of the reproducing head which can offer 
a magnetic layered product with sufficient joint magnetic field and high temperature stability 
according to this invention, as a result has sufficient reproduction output and low noise figure, 
and high-reliability can be obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dr aw ing 1] Explanatory drawing seen from the surfacing side of the recording head which used 
the high specific resistance film for a part of lower magnetic film. 

[Drawing 2] Explanatory drawing seen from the surfacing side of the recording head which used 
the high specific resistance film for a part of up magnetic film. 

[Drawing 3] Explanatory drawing seen from the surfacing side of the recording head which used 
the high specific resistance film for a part of up magnetic film. 

[Drawing 4] Explanatory drawing seen from the surfacing side of the recording head which used 

the high specific resistance film for the lower part and a part of up magnetic film. 

[Drawing 5] Explanatory drawing seen from the surfacing side of the recording head which used 

the high specific resistance film for the lower part and a part of up magnetic film. 

[ Drawing 6 ] A head cross section perpendicular to the surfacing side of the recording head which 

used the high specific resistance film and the high saturation-magnetic-flux-density film for a 

part of magnetic pole. 

[Drawing 7] A head cross section perpendicular to the surfacing side of the recording head which 

used the high specific resistance film for a part of magnetic pole. 

[Drawing_8] The conceptual diagram showing the magnetic head of this invention. 

[Dra win g 9] Explanatory drawing in which the problem in the conventional magnetic head is 

shown. 

[Drawin g 10 ] Book 

[Drawing 1 1] The magnetic pole configuration seen from the sliding-surface side of the 
conventional magnetic head. 

[Drawing 12] Production process drawing of the principal part of the magnetic head of this 
invention. 

[Drawin g 1 3] Production process drawing of the principal part of the magnetic head of this 
invention. 

[Drawing 14] The record reproducing head which used the high specific resistance film or high 
saturation-magnetic-flux-density film of this invention for a part of magnetic pole. 
[Drawing 15] The perspective diagram of the magnetoresistance-effect element magnetic force 
sencor of the spin bulb type magnetic head concerning this invention. 

[Drawing 16] The block diagram of the spin bulb film using the chromium-manganese alloy film / 
NiFe concerning this invention. 

[D raw ing 1 7] The block diagram of the spin bulb film using the chromium-manganese alloy film 
concerning this invention / Co. 

[Drawing 18 ] A block diagram with the spin bulb magnetoresistance-effect film concerning this 
invention. 

[Drawing 1 9] The magnetic disk unit using the record reproducing head of this invention. 
[Description of Notations] 

1 [ — 4 A plating ground film 56,102 / — Gap film, ] — An up magnetic film, 2 — A frame, 3 5 
[ A frame, 10 — A magnetic gap, 1 1 — Quantity specific resistance lower magnetic film, ] — A 
lower magnetic film, 6 — Si02 12 [ — The 2nd magnetic layer of a ferromagnetic, ] — A 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_eije 



03/10/02 



2/2 ^— v 



quantity specific resistance up magnetic film, 21 — A non-magnetic metal layer, 22 23 [ — An 
up core or an up magnetic pole, ] — An antiferromagnetism layer, 25 — A lower core or a lower 
magnetic pole, 27 28 [ — A hard ferromagnetism layer, 51 / — Quantity saturation-magnetic- 
flux-density low specific resistance film, ] — 32 An electrode, 33 — A magnetic pole member, 47 
52 [ — A ferromagnetic, 55 / — Coil, ] — A quantity specific resistance magnetic film, 53 — A 
quantity specific resistance magnetic film, 54 61,110,203 [ — Soft-magnetism layer, ] — A 
record medium, 62 — A non-magnetic layer, 63 64 [ — A resist pattern, 72 / — Magnetic film, ] 
— A ground film, 65 — A ferromagnetic layer, 71 73 [ — An up magnetic film, 101 / — Quantity 
saturation-magnetic-flux-density film, ] — 75 A lower magnetic film, 76 — A nonmagnetic 
membrane, 77 103 [ — Electrode, ] — A quantity saturation-magnetic-flux-density film, 104 — 
A huge magnetoresistance-effect film, 105 106 [ — A quantity specific resistance (lower part) 
magnetic film, 109 / — A coil, 201 / — The record reproduction discrete-type magnetic head, 
202 / — A head positioning mechanism, 204 / — Regenerative-signal processor. ] — A lower 
shield film, 107 — A quantity specific resistance up magnetic film, 108 



[Translation done.] 
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[0 0 18] *K$||£. «WB©»#a*tff5E»^y 

TRttSnfcE*B§=5HifflB«'\y HK*^T, irG 

«W£TB«ttK£*«*., ttE±flWtt*&trF8B 

30 ttii©'>fc< tfemEBft?* y ^aKW 2 se*±©& 
ttinc J: -3 n. Bttit©4>& < t %> i H©satt 

K©Jt««t««tfl©«ttll©Jt»ttJ:0'bKv>it. 
^W»*«2BaJiffl«ttRH«fcoT«l«Sn, ««E^^ 

* & »nfc» i ©aftiiwjtgfit*^^^ y 

Ht*Ufc»2©«ttJ«©JtlSttJ:0'b*^Ct. Rtf 

«tfETg5iSttllR^±gi5JSttK©^ElSSt^^ >y 7g&# 

*«o»«fe*rb. ffiE±tnBttBtKcri^an8ttK©^ 

< tt>-«jW5 0 ii QciK±©Jtlttt*frr*J:t©^ 
40 "fn^cfcO^O, 3EfcWER4^y Htt. ^Ktt^i, 
ttilfltttflcCff*L. »EM«tt*ic-*l«lJl*ttS58 
SS«SEiWBttflsfc***. ffiEKiMtttt#©d>£:< 

EK»«tt#lC«#"r**»©iWi:< t "b-8»«C o 

[0 0 19] mffi^EAT^ffllBA^^ 

.^KW6nflMI©««fa**ff 5E»^y HtfE^ffi 
50 Ki. S«fE^«iSX7'rys^b»li^7 i ^X^tc 
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wtfmm - ntmiz4 o o o rpm «±t?emeu tm 
m&mu 5 mhz &>±T?&zm%m&mmz&^x. 

Wl^m^\y Ktt. #&&©&5*r-y7*l££:frLT.t 
8MBftlg&©<}>fc< ifet?fam^r >y MSLt 

<Dm&m\z£iTffij$.2ti, m&m<D'j>f£<tbi b© 

&ttR©Jt|gfttfte©i8ttIgi©ltJ8ta«k 0 <bKv>£-£. 
B&E±&&ttR2fctfTg?K£§i©^ft< i'b^ffiSSM^ 

y ^n* 1 zmntzw, i ©BttR©tt&ft«tBatf * 

^ft<£fe— ^5 0#QcieU:©H:&ft£#rS££ 

©4>&< £%-ffltc r-Mn^e&o, ^teaa 

tt#©iftEK§£&tt#£&«t-.5gBa-©4>fc < £ fc-gB 20 

[0 0 2 0] (Eft's ? H) *%9!lCf65EflKy K 

tt. TgB&ttBi#MR^GMR^©|?£'Vy K£©->- 

;pHBH&3iwa, 3H8tt©4 £ *y?Ka«±fiHKttR£-F« 

©-SB£*/1 y * U >yj6^Hs!SIHHfi& £© H ?«( 7 
a-fe*Tfft£U ^KU8 0 m QcmfiUiWifcigftS: 

tfBflt©h?yjr4B€&£U byyZmtfl. 5/im 
aTT*SCt3WfSLH. 30 

[002 1] 80y QciH±©ffittj£K£:rf SttttR 
tf&fn&jfc&gl. 5T J&UT&D, ^t-yyilTO 
SttKWffi&RI ElrJ:QjBDXU *^y^»±T©« 
ttR©*I&*-5;t£ £ tmf $. U>. 

[00 2 2] 3EC. 80tf QciK±©»ifclfijR**rr* 
fiBttR©fi&£5£&©*6*t<iaU x 1 O-TfiTFt*-*©** 
fl t *b<, ±T&ttR©-gB©0. 5 urn £(±©RJP£ 

* B1»©fitfffitt&Si©BttR©--Sj: o fcKitfifii© 

&ttR©-^©#;W£^£<b>&t$Fg;lA>„ 40 

[0023] mg&mm&tfmiia-fztmz. 

• # < & D . EIWttt««*ftTS. h 7 -y 2 um. * 
t-y^S0. 3miti , IttlOSWfgJl. 0T 
£l>tz£Z, 1 0 0 MH z £l±0BHttft&ft«DI$(i!)B 

ttRoiti£Si»ai»eeffiSft«ts<ftr). so^ocm 
©BttR£f*ftjt&iK©R£jii 
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»^©«ttRC<W0TS«fftlfti^fefiKS-&«fc«> 
C. &t£R©fiBSI>£»£ 1 x 1 0-T£tTt/hS<-rsc 
£>WB*U>. £fc&ftR©!SftSfcfi£gtt, BttR© 
WP**<U Htc, tt»*ft<fc*fc. 1.5TKJ: 
©Kv»b©fr<&2:t*«a*uv>. 

[00 24] 3 S tf?±S*S0 3 (C^-TMifi©^^. 

*t9^R4i:8L £SH*R 5 Rtf&ttR 1 © B s £ ffi 
< U *T -y Zmtltcm&m 5 43<fc tfmffigi 1 2 

©jtjgft p £its < -r s n KBjMjeft&Kii&tt& 

ttRtffltSBs. mp. ffiA, SHk. jJo¥RRt«« 

tt©«ttR*«£f-5c:tttH»T?**. -e^T, 
y:7fti&©BttRttABs. ftp©tm&. 

sKtifcas ©— a&s <r>ii£T£K p ©B&tmic-r 
tezb-om^y F£tt$-?*3. ^ne©tt 

tt«R£-r*KJt«tt. Xfiftttttftft$4rrsR-?* 
o^Sft«S£R (ff£L<ISJfi#tttfi xio-'K 

A->^'j>^£fflVin«. ^n6©4$tt^#us-rs® 

Vkm&Fe%, FeCo^WJFeNiCo^bt 
WnU, *fctt©^fe5c*tfflV>T«ffijeft 

teSffl^MFel, FeCo^S-SVifiFeN i Co 

«©^mtt^Kt a 1 203^3 i o 2 m<m.\\Mt.<r> 

SdtjJipIfigTfe-S. dtie.©lKttR£X/'?»yrS"J>y 
&TfP^L^:R©*T«l^b. Il:ih7y^ (ffil 
<ttl. 5 urn STF) lc»rirt-*£ttt*t>**fe**ffl 
l/fc»^J:0t»HllT**fc». ^•v«yyR©±«cfP^ 
r*Ji»«ttil (UP) ©+©*&< fb*ty7TBlt» 

[0 0 2 5] Eft-^y HOttlE©— 3T**«»SU!E 
tt, 3 7©f©^iryyk:S<b£DS^B s Cf** 
^lry^6lin^a{^ABs(c-rsJ:Dt>K< 
*+y^©»±Ii«#iE©«*Ml©«»» 

tmmh-ftm &*y7ttiz> MBstu i^Bs 

R£A^©SB»£i^p (&Bs t-T-S^ii^ 
V^vPW* (1. 5/imJWT) ©EtKy KDBfitLT 

fiSttR©*Stt. h 7 y ?«©&£#£ UfcttiC&jtfcr* 

o * 7 U-A©P B 1PS*i*-p * R©H-tA:4)^ h 7 y M 
0: 3~1. Stfm ffi©«7«R<b^j$nT 
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mX'&Z. &o£&-?tt. Fe, Ni, Cofttf 

Bs (1. 5TJBLh) ^(CoN i Fe^, N 1 Fe 

-SStr«6^#^®fflT#5. £©&o£R©Jtfi*i 
fit. ±!2^S5tt^©^e,^L^^fCttig-<r5 0 
MQcmT*0. 3dSf£&JI^Ul£jSJ!jnbBs 1. 3T 
£Lt©R©J§£-©pMU ^6 0mQcid. #^JS7C^^ 
JlDbBs 0. 9T &±©#^€rg|©:ig£, pfi£jl 0 0 10 

o«t 5 tr it b s nat&irc* o . 12^5 <Dm&m<?> p 
afcK»ircan«. uttP (1^5) ©ptta<t&< 
T*At». -Ttttot. B«m©ffc«T. ftptm©# 

[0 02 6] 01 K *-r J; 5 K. TgE«8ttlB£©-gB 1 1 
C*/tv*U>^ftT*tt»tfH8 0#QciEU:) , » 
Bs>l. 5T,' «5£ft- £UT»*U< 

ttixio-7«ToiiftfPriEU *©±iro. la^u 20 

0. 2 tfm©?ft^K$;*/tv*U U * 

* 'J >7"ftKl<fc 0 d©T«J 3 tt&ft&ftK£ 

Tia3©±ti^vxh7i/-A 

?M*7l'-A©mR|-t*ft£r). 7l/-A*o#ftTfi 

0. 5 um $.?mi$.&mte<fcm-?gz>zt$:mmisT 

SSI:, ±ffiSttKl«7X^^l/TSU>^ 

R I E (U7*^f7*Xy^>i0i6<5©|«7-fXy3 L > 

RtGMRO±8->-;P FR) ©-8&£Rtf*&bTl& 
£T5 £ t J: 0 » 1M K 7 U >5?&fitt-TS d 

0.5 &V»L3*a±tr*J:tT, MttftlC*l? 

0£M^©fiT€*Mr?«S. 01 
ittfflfc. =ftyy40±T©l (T3BE!ftBl5fttfJ: 

BttRl©BJ:Q<b*&HIT. jfc"=>»V»RT»H:ffiifi 

£0«&> ?*97l^*«tt4HBttR (Cr^tfB 
Sfcv 7ls— At£S iOi«©ftfbttr?&9. 

Hl©«fc5£7l^-ABfc£lgfci&< > 7^-Atf-t© 
**»±iBfc3B3fMHfe&«*a. *ofT7U-AtItt^ 

**. ?*9 7M©±£fc&?£T9fr>iflttti&&i. iiSBs 
Rl2*»jfcLTt>a. Bfllsfty^OO. 5 

3^T7*»). £©tBH©RWT*ntf. AJtffift©&& 

twmztm&mizmtiztmz* ©oS'bwca so 
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3. £©igJtjggii?>o£Ml 2fJP, B, OI?©5c3t£ 

[0 0 2 7] :mS©#o#i£T&Bs, iHk, ft' 
p. «A©R^«T*££ttB«T*<5fc*, ®5(c 
^-Tck 3 y £ U >?&%m HT±SB~>-;|/ FR© 
-SS 1 1 fttf±gB&ttK©-g& 1 2 Srigifcfiffi ( 8 0 (i 
QcmfiU:) EI^TS We*3. 

[0 0 2 8] H5TJ4, 4 s * v7iR±T©BttR 1 3ft 
LflSttKl 4£#ot&Tf£8SbTU-5. -*/ty*iJ> 
^tWTflWSftttfflKR (x-^FIglW-gBl lft 
tf±»BttR©HB) 0B s <fcp fe, ±tB®ft!g| 1 3 ft 
1 4©B s©#?Wi. ?*y7ll(lCi&lriBttR©B 
s*K<-r*c' 1 i:T. ¥vy7>6©iBJHfeft#tft<& 
0. X/Xy^U>^igT?fp«Lr'fcjB[paHtR (11. 1 
2) fciO, HSJi§i&ftffc&s&#£*i5. SfcH'5R:w-r 
<t^lC. ittKl3, XvyZfm.l 4fttmtt^l 4© 
*§ m±&& 6 fit, =f y 7*R 14A>5c!6l; 

•nwsaai d ift#i2) onuq&^c&p 

ftg*T&0, ^OTcfco^mitlc-rSditctO. EftA. 
[0 0 2 9] #»Wfc**t*iMk'\y F «*»©«* Sic 

[0 0 3 0] iBBS-^y H3WEfi«#t»ifi-r 

ig^fi^tu t5o. auj)mwzm%$?mj&t 
tztmz. ebuvmz&th&oimzit^&K-rzzt 

[0 0 3 1] ^Wtc^SIH&'N^ H*TE©I8ICJ: 
[0 0 3 2] ( 1 ) y HT««BBO±CT«BB« 

«*o-as«jaH-*ia»fcja:<5tm*sw-rsi8.. 

[0 0 3 3] (2) ±BWI«jfi<0±tUyy77^jS" 
[0 0 3 4] (3) ±gak^»t^->MDtR:±aB8 

*©o«» t a saw *tx 7 (ctwttiNSttRtttf k: 

"T<518. 

[0035] (4) ±fflftzrF8HfflrcTia«fc&se& 
*». xttiaaKi^««ci!!i«*aA*BWT«ji"r* 

18. 

[0 0 3 6] (5) ±«BfitW€ttJCT*S9©tt# 
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[0 03 7] ( 6 ) ^ISft^Oi^ttll^Ta^S-r 

[0 0 3 8] (7) ±«B4ftt#«ttj£*-*a9 0>ffi# 
[0 0 3 9] XH. 
JfflKaSffljtH^SftO. f!tB1£K£&BttR£ttBff- ' 10 

T 0 ~ 1 8 0 gomftftgiit feOT*4. 
[0 040] **WTr4KE»*flEC»iKf t L 

KlclMlbfc««ES0»«m»*. 

[0041] -eogiac-otLT, aiBttK^jasMS 

-5. «fc»Offttl,T. *5BWCtt»- 

W8tt#tl/TffiH5*^l4C o - F e - N 1 ^Mfi 

<. 3zi£m&mijtm£vxm»&m$Kittco-p t 30 

[0 0 4 2] *5fiWT?ttC©«fc3**m«J«. RC^a 

Eft£n&EB&ft*tfi<. E»h5v^0**« 40 
»5lr»E»ft*33LT. +£fcB4a*£i*. E&£&ff 

[0 0 4 3] -r&t>-6*36«HlcfBa«as«Ba*3(s^ 

ttH&3»J^±©^ttS©«®^ Co/N 
i FeC r/Co©J:"5K«lJ*l/T,- -£-©&ftJ¥3£ 3 
nmSUJ? $ L < « 3 ~ 2 0 nmfctS C £T»H»tt 

mm, *#fe5saus^«». *»r>j*ft*tt$wLfc;* so 
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y Eflkffift©ftt>B£Mafl&B£S*££tf-7$ 

[0 0 4 4] *fSWt:ff*f|4'\yH«> 9M8tttt&. 

oT. flftE3M8tttt£-#fflJl#{3:€J^£tt«fflEK: 
9fcttttft©4>& < t <b-ffiPC r -M n £&T& 0 . W 

fe^tfCofcL<ttCo&&ft>5ftSfe0>-?&£. * 
fc. *38MJC«*Sft'\y Kl±. #Btt*«HK«fc:>T 

ft« 6 nfc^att^©^ 1 -Rxym 2 m&m tmmm<o 

«##1?nT**«aicttEa«tt#©* 1 fiHilf ©B* 
toftfatfi* ME£2fl0!>Bft$fflK:ttLa£-r-&3rffl& 
*TU mE£2Bttff®Bft$iai&H£?«¥S&rr 

T, ffiE£lJI©^©S£££?T£i;3ttEB&J& 

&l&tfft2BttfftfCoXfiCo&&-?&*). WES 
SMBttJI#C r -Mn^feT**it4»ltn. 
[0 04 5] JHrEBfti8^JIUK?tt. &&ttJf 
ttH/3fcBttM/K9feB&ff®ttj$€*U *8©tt* 
fc*i;TttEttBttJi©«fl:a«ig<EU ttEttttttJI© 

[0 0 4 6] WEC r-Mn^H3 0~7 OM^SKM 
nS^#f *t>©3WSU<. IICCo, Ni, Cu, 
Ag, Au, Pt, Pd, Rh, Ru, Ir, OsW 
R e # 6 S ajRS *ifciJ>& < £ <b-o ££ff^ 

[0 0 4 7] ttEJMttHjtfCofclXttCo&fcXtt 
N 1 ^ftlt£ftLTffifffi:CoXttCo^*K&£' 
TSflMHhfeSfc*). ffiEJKH«ttJI«tC r-Mn^ 
Xtt, Cr-Mn-X$4T*0, WEXtf, Co, N 
i. Cu, Ag, Au, Pt. Pd, Rh, Ru. I 
r, O s fttf R e!l»6&5»*6»lStlfc*ft< ife 

[0 04 8] OftEttAEtt&WS. g»RJft&ft#t 1 0 

0T;£Ut"fl6IW-*i:i. WE8t«-fe>-l*Tft«» «rE9ft« 

jEFfaT**£fc. WE-*|6lS*tt^*-r5^n^+ 

arr zmmx® &n o c t $ u v». 

[0 049] **W»4KT©Rfr©*a< fcfe 1 

T5t)©7!>WSL,K 

[0050] Mm&-<D&m&m<D®m®m®mmm 
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t. 

[0 0 5 1] iESIttl©JIS*«3nra~2 OnmT 

[0 0 5 2] mCft=:<Z)3M8ttj|*t. Z»y^5 0~8 
5H^%, 0^1 5~2 0m^%. J£8Btt:>nA, 

a, m, b. ?>f)i, 

tltc'>tS.< £fc-o££ff-C3 5%£JlT^fU fiSftlS 
Jf^grttO. Si f7 78tTT'*5ui. 10 

[o 0 5 3 ] m%iw,~i$&nw,=<Dmmm<D'pt3.< t 

Co^i^t-r^fiSSHS^gjJU. o r- 

[0 0 5 4] #f2Cr£&g3|{8ttlgl#. fl*SDfir*lifi 
"bKttCsC-lffl*Jfi©|»Jl»^*0. 1 #6 I OX 

[0 0 5 5] ±EC r£^3IBttR£S3:-tt-*iMaa 

[0 0 5 6] mrfBCo£&#, Co, NititfFeA» 
€>fc?K ^'fflaiS^, C b 3 0*6 9'8Sf 5K,- N 1 0 20 
*^3 0H^-%, Fe 2*6 5 0M^%Tab^T» & 
K» Co8 5!5»6 9 5gf%, Fe5*615SfXt 
Sfc«Co5 0A^7 0gf%, Ni 10^6. 
3 0ff?X, Fe 5*6 2 0®^F%T*-5C:i. 

[0 0 5 7] NGCo^^. Co, Ni, Fe&fctf 
gsjbll7CiifX*6&?K Co, Ni, FeO&tf*S7 0i> 
6 9 8£?X. X#2*63 0If%TJ5oT, ±EX 
ifiCu, Cr, V, Ti, Ta, Nb, Z r, Hfi5<t 

^a^©^-rn*— 3* tz\tma?$>z> z t. 

[ 0 0 5 8 ] ±BC r £&£3&&fflgiSB±K$M, 30 
[0 0 5 9] MCiHBttflcoJB2fl!tt)|(OB(k^l«e 

[o.o 6 o] m&WB&#am2Wt£mamiasft£m 
[oo6i] tmmHt#0n2m&mam{£ijfa*fa 40 

[0 0 6 2] ft$ttB3&tfcftf. .fi4 0>NBiMKttft<Z> 
JBttB ©fiSf b©|sie l:i^T4 tt8BB£ffi£i%£S 

*I^K^*fl*©fl9B3IBttffO!)»RlB©Bfl:^ia]3&t 

[ooi>3] mesfiBtt^otB i b 
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[0064] mv&m&woim i k*-t 
>«*nfiM*-r s <o t+#&ife5rGi© a'-t 7x c s- 

[0 0 6 5] jgJSfffl©/** 7Xfcjfei;S-B-*|»E¥a 
*\ i!8f3&&i4#©m&ttl©«&jg&£ttK. itS 

[0 0 6 6] m%ft(D>U 7Z&tkC2i£Z$im^& 

*V mzmii&ft<Dmim&m<D%is®mmdmz. mm 
\zmm-z>mn&m&m$:irrzz.t. 
[0 0 6 7] mz®.M&&<D% im&m&m-<D k*^ 
>vm \z tm-t % © iz+&um%faa> /u 7* u $ 
s c*rr set. 

[0 0 6 8] IKjStIrI©/*-* 7**&&«£tf*|»E¥SI: 

mz&mftfrnmim&mnmumi&miz. mm 
izmm-zK&M&m&G-tzzt. 

[0 0 6 9] I*fl©A-f 7* jHB2f& 

[0 0 7 0] 
[««©*»©»»] 

mmm d ai~@5 aaa^ y h * u » 5 ftjsjw 

6*fc*©E«Kv K«f*2E©*liSfc*l,fc'b©T* 
S. ±S5->-;i/ HK&ttStffiBttflt 5 ©TOiMR^ 

& (5nraOT) ©/M£&<b©#S£ Ulr>. 
[007 1] II tcjjrrJ: 5 K. TflHBttR©-a 1 1 
tX/t7 5"J >^j*^<^->f-AXA-y ^ 'J >^j£T 
iSitffifix (8 0 u QcmfiU:) . B s > 1. 5 T . ©g|£ 
fftSEU *©±fc0. lfc^LO. 2/imffl«ftI$X 

&&m£*r5fimm\ZitF e, CoFefc-SWiCoN 

iFe^ci#^a*6taou mm^&mtwtof) 
<D^7im^mmizmisrr?>ztx^ ai 2 o 3 , si 

*■ («*tf 3 dXS&JH) Xtt8£&*U£©9llEK:j: 
©iliyS5iiO±i:j&of^Tli!!3 ^ 'J >^ 

J:OJ**fclSttlltr*c:t"biinBT*»J, Kff^ioo 
TSS 3 ©±1C Uv 5 ^ h 7 V — A 2 £p 

deb, feo^ffi-ci^ttni^fps-r-s. 

0, h7«yi7"lifJ0. 1 . 5 /tmOAy HSrfPEK 

Ufc. h7l/-A«R I E('J7^x^y'f^> 
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<DFe, NiFe, CoFe, oN i F e 

)8ttR©-g5£iiSJtJgJxlgi.fcU S5t^-r^igtLT 
fc&H. ±SSmtt^l$-77.i7i:L/T5'J>y j ?'R I E 
StCfc 0 , Tifc 3 >y 7"R 4 StTF^ttli 1 1 

(MR^GMR0±gp->-;PH^) 
•Ci^S (MJ3>iO fSC:ti'«tO. lMh'7'J>v 
*mktZ>Z.£tf*im~ZhZ>. R I Effifcffll^-SJI&tt 

^T&^>. mi£&tnm<Dmmi*. *rv7*©RJ»© 

0. 5 ftnu3«a±t-r*ctT. ftnttftK&i* 

E«tll©ttT*aii(T*S. ±8BttRl©R« 
o€?R-tr&tt (ftp, fiHk, <£A) ££TiiJg-r-3JS£ 

wia«Hjn?*3 d t, ^jta-r-s t b s *tftT-r*£ 

Xtf&M©118#;Vty:?U>^ffi,fc9t>EllT£ 20 

[0 0 7 2] ®3{C^-TJ;5{C, y 7*4 ©±T©R 
(TttBttR 5 RZf±Um&m 1 ) £«6 o # SfeTfeS 
U 7l/-A©H^±£±fBBttRl±fc«fc»tt± 

■e**. ^y^mtsmnmmmL <cr 

Ni^, CrCu^CCr^, NiW^, M 

*&. 7l/-AttS i0 2 ^©& 30 
flfl&TfctK Hl©J:3lC7U-Afii*lStt&<. 7 
l'-A*»-e-©*$S±IiK:3K5. 7 U-A»jftlCttR I 

7^-A£®£U X-Bs©TffiBttR5, * 
t v.TlMXtfiaWBttR 1 £7 l'-A|lfllI£««Hi; 
*STf£gT££. 7ls--A©ft3tt±aBttR 

1, TaBBttK5R^^y7ll4flD^IHIJPK:iSV»l[ 
' ' TfiK ±g|5&ttR 1 tTWBttR 5 ©RJfSfct** y 7* 

[0073] m3tmmmm<Dmm^\y\ i tLxm2iz- 40 

yffiTf£S&. 7I/-A£S i o 2 ^(Dmitwvftm 
fi£U S6t:H3tra«{:. 7t--A©-gB©±£±gfl 

fisttn 1 ±tz&tt&m±um\tm 1 2 *u >^ 

±«BttRl©Bs«fc94\;£^. KJfcfiJfttrSfcaK: 

fc£±W$Ri©Bs e !;D ! £>/h£<&.5. c©«£tt 
TBHBttR 5 #t±ffiBtt0t 1 ©ill ( h 7 v %m ck 0 *> 50 
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CO 0 7 4] H4t4H 1 £«H©*j6T***t. 
7*4©±Ct>»t>tT»^KttfiK±fiWttitl 2t» 
*UT<r>*. R9l;£F-try7°©0. 5 &lr>ls3ffi-?& 
0, £©l8H©WST*n«, Kifc&K©»£#t9IRK: 

o*«3j»S&*»ifc«lft±»aitt«l 2ttP. B, OH 
©7C*£dtr3M8&$&RT&9. ±^©7xA>y^'J> 
yttT»* snTt>*Kit*K(lR©itlfiaL«[J: 0 fe/hS 
<r>Jtffi$i (6 0mQcib) 05{C*1"J; 

0 izz/lyj") >irtt*fflHT±»S/-;p KR l -1 ©- 
tt&tf±flN8ttR 1 2 ©-gBfc&tfclgjst (8 0 tt-QcaSk 

[00 7 5] B5tm±m^MitKm^y H©»jfiT? 

«igfJ06 (5) <h&3. TSB£&ttJ:ffi8ff#t£j| 
mmttt-^TioQ. *iry7lS[5i:fiSftLfc±-nattR 
13, 14 (J*o ££&T-feST #3. ±TE&tti£ 1 3 . 

1 4ttN i Fe^, CoN i Fe- (P t, Pd) 
&&£fr*li£n&©d&fc: 3 dj»teJR7cR£KAll/fc 
RT*5. ¥*v7l^±T8ttR4:ni;7l/--A*ffl 
V>TfMTS*. ±T«ttRl3. 14©0&ttttf2B 
s*«1.0T tfcgfiitt6 0/iQcmWT. Hkdi2 

0 o ej^T. jss^s (A) an x 1 owe* 

a. ±~R8ttffil 13, 14 ©RIPM:ir>mt>^^ 7*BI 
©3^tt±T*t). ^Y-y7*R©MJ?ttO. Urn 

5. *-\rv7H©$f'HiattflH£**R-C*D. CrNi 
a^. CuCr^, NiW^S^IiMHtS 
■5. i^JtSfii^tt^ 1 1 , 1 2«XA«y^U>^iSTf^ 
©T^. NiFe iA 1 20 3 H©«HH, NiFelt 
A 1 20 3 §i©jg*§^&-5WJN i F eNiA 1 20 3 ©ig 
4BM**H«N i FeNtA 1 2O 3 ©#BHI?T*0, 
R© Jt«tfW«±E±T«ttR 13, l 4 J: 0 1> K < ft: & 
J:5«c«WE^>RRjS*((frr*. ifcg*x££<-r-5;fc# 
Jcfi. ±fB©<k 5 Jc^l{b*5Vi«ig«{b©? &zr & 
Sfc*. R©fiftB3t[ttA«tfiTb. J&^tftTMt 

ttttLTIr^±iqBttRl 3, 1 4 ©&RNB$&ft©£- 
^?Sltetn:^J;0 ! bi^<^:a. ^ai©^^^©^ 
< T Ztztb (CB^KM© J: 5 CKffiftffig 

2©MJptt^j3 *fcigJtfifit±S15mttl^ 1 

2, attfifin^aBBttRl l©BI4±T«ttRl 3. 1 
4 ©^J; 0^*50. 5 ^e>l/xm)£<» ±T&ttR©*s 
ttf«J0. 5 urn «&o#CttS i02©7l'-A 

*fflv»4{Wi:i/j;x K7i^-A<&ffl^»-p#^(cu^ 
±T«atti^i3. i4#ft©ffi#eftigR 

(A 1 2 0 3 ^S i0 2 ^) ±TettR^O«R 
±Kltt>«©KJt«ttH«ttR*»j«fntfAt>. 06 



( 10 ) 
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© (5) T*\*Zl-1)W2mtt3:iT^%tfim-Ch& 

[0076] h 6 CBS's y v<Dmmm**>mmjjfa<D 

«J»fH^T. (1), (2), (3), (4), (5) itttl 
-6*101. 02. 03, 04, 05(C^fS«»fffi^ 

*lt^5. (i) -?tt±g5{8fflgirtu mom&mfr* 
&o, TflmR#2R©a%R*>eR&£ti. rum 

(2) ©ff|£i4T&BttRtflJB. _k 

^fiSttH*S2H«|jgt^oT*b. ±aH8ttR©=F*v 

(4KJfc&«iBttR 5 2 <fc 9 t>0 2 CSf A 3 K*»r>. 
(l)©R£.J:r)f> (2) 0>;Hfj§<Z>B3*f3lEh77?£$ 
at»*Tft5. (3)ttTaH8ffiRRtf±»BttRjj»2 20 
R©«ttRj&»&«£SftTlr>*. Tm&Rt4Kfi|ttS 
XfeKfitfc&ttMS 1 <t-£©T©3$EBttffii5 4*&«fj£ 

an. ±S5fiSttn«i§iafii^ss<gJtetaii5 1 

Jfcffitt«ttR5 2jfeS««SftTV>*. XfinttJKffft 

©tt:igfcxR5 1 t^y^Bl5 6tt*o*ttTftsRU 

(3) Rtf (5) ©JffigT'ti, **y^K5 6©±Tfc 

iWB©«ttR©SJ:D <5dt38«T**©-C. SK 

h 9 FCIW&fcRjfi'r* 0 ,• * v y ^iS 30 

B<"r<5E£j&«T#; ttft&tt©BttR*JBlr>Tfr>Sfc 

»*»*iwtfeA»T**. (4) immmmmmmm 

5 iA^t7^l5 6©±T©Bff£ft:lc&j£Lfc«© 

tf. (3) Rtf (5) ©J:-51C^±Sffla©*J6o#j*Tr 
«OT&7D-t?:*£ttAllsft<T'b&(rV (5)14 (3) 
ta«Ufc*jfiK&-aTl»4*», ^-f y7R5 6(Ctt|lk 

nfc±T©«**f»lcKit8EttattBl 5 2 40 

o . ft ao l.ojtm ycFom y?vz 

ffi^©ttSffift©tmJ:Qfe*3b>$mT&2. S5ga 
AlB$eftfiit&tftR 5 1 icffl H5#»»40!*.I4\ C o 
N i Fe&l N i Fe^feSl>ttdne©-&^fC3 
d^^TcS&S^ls&ttttT&S. 7R5 6 

fc»4/y*86Tff«-r*»^t:f4*attW*RS, *■© 

ffi©^j£-efpsa-r5«^ic«A i 2Os^>si02«©ttfbib so 
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[00 7 7] 07l;tt@6 iSHHUfcUHBOBft'Sy H 
©*8i§0!l£*-f . ( 1 ) Ttt&ifcffiijxS&ttlgl 5 2 <£* + 

7^15 6^5jtnfc±T©ttttR£Jst>T&9. m^; 

y 7«fctt. iUitfiJtlSttR 5 2 «fc 0 "bJt«tt©iJx 
S£5*«ttR5 4SJBHTHS. itiifc&tafi&ttSi 5 2© 
roi4ftJtJ&ft©9ftBtttR 5 4 ©#iS J; 0 < . ft 

5. (2) ^*y^Rt=firyyRt:»«Ufc«ttRS 
th77i'TMU *-©±©ttttR£ftJt&ifflttttR. 
5 2t-rSdtlC«tO, SEh7v**Oftfljy$tt©|i 
■ffaE»^yHft««-r*it3&«T#*. (3) JiJbglS 
fi&ttR#3jf <hfcoTi3D. *-vv^R5 6«^Sgg{c 
f|sHU-*©±fc*©!ll5V»«ttRS#UT, AJt&lfflB& 
R5 2 KJt»tftBttR5 2©±iraiStt:& 
K©^mtt^ 5 4 £ 0 , £©fitt£ffi©aHB&R 5 4 
©ffine%ffift£A<-rd::2:CJ:r). *?_tffi©&#3£ 

s*»<r*z£*«prtrea*. (3) ttsaufcRjg 

(4) HT*0. ' ±SttttRtf3JItt££ 

fc-aTHStf*** y 7m 5 6 C£b>tt#£&Jtffiiri©aft 
fcttlH 5 4 fc** ^ ^R^6Rftfc«»**H:«ttBtt 
R5 2tr*J:£T. (3)J;Dt>**v:/ifi»©*ra© 
tt»«*ttflES*<-J-*i:£j&«T#3-C. (3) JcOfc 

[0 0 7 8] 08 (a) n. *f6w©«f««fi*^rrs 

B^Ay H-©BfSS*-T. 

[0 0 7 9] TS&3 7 2 5,Rtf±£Ba72 7©MKtt3 
-f JP2 6^JtlTH5. 3-f;i/2 614. m2 2nm 
©Alttfr*U4Cufti54ftJ$dttTfr>£. 3'f;P2 6t 
□ 72 5, 2 7&©ttfttt&flM£ftOTSSftT$M8 
tt©*&R#3 lj&t-fcRSftT^S. 

[0 0 8 0] *»W©««'\yHtt. ±$37 2 7 £T 
$3725 ©P^ iraSSSW 3 2. 3 3 t^tUftfttt©*' 
«ttR3i»6&*«a**.y^l 0*WcfcifA^nt*5 

C, ±SB372 7 i:TgB372 5 £©|BllcBB&4 1,' 
4 2 *R»tfc/SC*«**. ^©Slj§«. *^^Sr*ST-5 
±T©*R©«jfiT»4ttt>. «»»4 1, 4 2«±SI53 

727 ©¥Sft«ns-r 5 ±t«pjIt* o . rn.rn.mz3. 
zzhu* mm) ©iMi«ett-rs»«^««. i^sc 

#£®&aW3 2, 3 3tHI«C»*-rs^tKJ:0. 
»JS3^h©±#*Hr<i:4*«T#fc. 
[0 0 8 1] R0 (b) I4±3537«3&»6«a'\y 
J.fc0T*5. 3-f ;P2 6^JI^1C#75^T^S«I^ 
*«t)^S. C©3-f^2 6ll 3>^^ h*-\H/3 41C 

xmm3 o (0 (a) ) tis&a*iTv>*. ±as 

37 2 7 £Tg&37 2 5tt. a^W^3>^i; h*-;i/ 
3 5 UTtSteSftTH*. CCaOttfta^^h*.- 



( 11 ) 4#M¥10-241125 



19 

)l>3 5t)mZ7r;Lrzm&tt4 1, 4 2 ^fcMt^ 

CO 0 8 2] *%W<DftWL?&Z&mfj:0)m§5.** V? 
1 Ott. ±g?372 7tTSI5n7 2 5©5fcig{;:&BU 

m*ajjmfr*>M.z>tm (c.) ©.tp^fc-s. Tfcfr 

#3 2, 3 3#tt$3-&£nTi50, $ "SKcnegW 
■f 1 0 tfSftfS. &@gB# 3 2, 3 3 «±g&3 7 2 7 

RtfTSte 725 ©5fc«&&<h&^i$Ktt^n^n-# 
w-r-s&ffi^sfltfissns rt <t&s. 

C0 0 8 3] 0 (c^-ttJJEaS^vKjWBfiME 

[0 0 84] *fc. 0 (c) ^*l6BS*t*Ci5 
*tt«#U ttiC±8N8ff©a8£TaHB&©aS©<I 

[0 0 8 5] $jfc. *%91©S£ % OffC!)K$«»0. 

8 Mm tbifc. ifc. flg8©1gtt. 1 wmtLL £ 
©B*i>6. flgiS©i«;*«, i5S©ttfc:Jt'<«<&S. 

[0 0 8 6] *5&HKTIflS-r*»j6tt. «»fifii*T 
en. -?-©JgJI£09;R.tf01 O^fflViT^. 0 

9 fcHKSSBtt 3 2, 3 3 ©&fr>4HB?7-296328 ^4i« 
fc!2«©aE*©«g;'\y H©»fffi0*S-r. 09(1. T 
»37 25t±S37 2 7 3^6»E*nfc«S5*Y y^S. 

*ut^*. &&6 1 ^©*3&*flB$tt. ptak-tm 
■stains, b^u Kttftcst&£jft-rsfc 

6. ©K«tit©Jito-rSfS«5 0ICT«^*iiSKa©J; 
*»5 7fc**>n*«***tiM>l,TUSV>. 

[0 0 8 7] JincWLT. 010 (C«T«S8W3 
2, 3 3*#-r*»«'\yH©«^. ±$372 7£T 
$3 7 2 5©mtcBa8#3 2. 3 StftiftEfS. Z.<D 
tttb. ZLtl S 0#©JP*#£ltett a ©AT. 6ft < T£ 
3 (?H8tt{t:®fc*$j£<'r&3) . £©»**&. & 

a *^n-5a^s©itj!)n$fi< if s a* h 

[0 0 8 8] JblBS»*tt. 150MHz EU:©*££& 

wsftTfeBasnfc. una:, 

tcoTaz r«©7*^7 7x©»«ft«tt©«tttt 

§t&*MK&£2 0 0 MHz £TiS«> 
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[0 0 8 9] &Pfi¥7-296328 ^aNBKPISSttSffcfe 
< . *&&&M&ft©±IKtt:. 1 0 0 MH z CtflBSft 

fc. 

too9o] *fc08© (c) ti^ufect^Jc. 

#3 2, 3 3©Hwll2±ttBff2 7&tfTtHffll2 5 

©ttcjt'OE^. cinmKs^^£bj^K*wrsRiT^ 

Tfe**. ^©»K«!«SjbJ>6, #ir*-*ia«fc:«J|E*« 
10 iW»-r<5Cttt»'5*TJ"ba:t>. b£#oT. 3-f;MB 
Sit (ff*&*«jg) fcHlEb, dhg&^S©j&?fL<h&#© 

etfft^. se^T. #€ra*ns h7yi'iiDfis. ass 

[0 0 9 1] SSKvMMIT-MU flSB©3-£&«HCJgi5i 

©as* s ase©*! c« s *«c 3£&#£5g£$ -tt 

20 #£*bTt>. *£&&h7y£4I£i!h8©ft{cMIB'r 
[0 0 9 2] Sfc. flgB©ig£«, aSomctt'effitr) 

[0093] $ 5C:£X9i©«£-. ff §ri&*#tfrfen£ 
efitas©flcj:-3TtfMrfsfc«. Kftftes^ns 

■fS±T. ±$372 7©HfcT$372 5©iHfc&;L 

TK&s&£tt«t>. c©^^e,m^fifix©iij!ni*« 
30 <. &mB&wnf3bmnmm9cM mzm 

[0094] «a*w^tiMwt*«ttRtffl^sa 

«. 01 ifcjST3«iifc*9i<£tts. ^-nea. 

(a) K:*rftS-©J|&*««2 7. 2 5*»6«*«n 
*t>©t (b) lC«1-**©»UmB«2 7. 2 5*6 

«^sn<5 1>©. $ e. icfr*K:»B*frr*«<i 2 5 # 

#ffi-r-5fe©<»:^5. (b) tt (a) ©0»«|jB«%£l 
bfcfc©t?. JS^©S$*^L/Ufe* h^y^S^lRl© 

©»*a*fc*«t#A6nx^s. b^t. ^©«jg 

Ttt. JS@2 5S:aitJgSx^l^i 1 {C«-r5">-;PHS 

VtzbOtf (c) ©*2STft*. 
[0 0 9 5] 01 1 (C^LAc (c) ©«HHC*V»Ti(E h 

aiWWE©»jl>7J«4i;*. HOteaft. KteK©flF««iBK 
50 [0 0 9 6] *5§BJ©mii«. •SaiMrf y^»©« 
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#ag&©iiBTiSfl{g$tt5fc8e>; mi ic (t>) \z^Ltz 

Twa&tfa'S&vmzQ&^rztb. T^T^mfmsm 
iztt-t % ->-;u ks tmm-r % z. t ich e> orui 

[0097] et±^fc«k-5{c*%w©iK^;'\-y Kjffig 
■tzm^y w&mxm&m 1 2 sjan-cjE'cs. 

[0 0 9 8] mmit. 08 (b) t^Uit^rifiJ "a" A> 

[0 0 9 9] ^-flg (a) T»tt. miS. (*3fr»ttT* 
HfcUUiTifeflfjg) 7 4©±fc:TgB&ffi£«/£-fST 
S5filtf:lg|7 3£flUfLfc. BSttRtbTtt. Ni -Fe 

#«ttR£:l/TJP£0. 3^m<D7;i/5^-K7 5$«H 
U S 0. 8 (ira ON i -Fe^-^S&SIK 

fflS7 2£«BLfc„ -OffiOfi 
ii*h7>y^i|i(Cffla-r^) ©l/yXh/^->7 15 

[0 10 0] *HTIg (b) m l^Xh/t^— > 
7 1 &1Z9£:G&Wtm7 2 S-f U >^&KT 

<t Qj»f& Ltz±mmm<Dgmnft$:^x 9 \z lttjus 
■rm%mm%&£tf7 v **©»&«#;* k± 0 x y ? 

fcTBHMIS-f *>5 'J >^tefcTX?/?>y 
>i/a?S«0. 8«m £bfc. -hgBm®CDiaSC^i?S:S 

Jinn. Stt&ft0h79^:frffil^0j£ftt9 

[0 1 0 1] Ig (c) TH*«tt^-3tt«!fe©*»tt 
IS 7 6 ££jgtCi8JI mm LfclBBttoolfifttt 

jRsvaftjHtrai:*!:. ag&t&s&fflsi? 2©- 

[0 10 2] *56K$HS-r-5±TCigi5t^SfiSttM7 
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M.M^#7 6©JP&tfi!!itt£&Slt 

3" GKfttt 7 6 ©JS *j&»fl«fc&SBttlJt 7 2 ©J?*£ 

Tit WCSE^S. 
[0 1 0 3] mmzxm (d) fcT±IR8«8Bf£*lS 

10 iTftB». Nl-FeSARSlBUfc. 

[0 10 4] R±i£«fc:tglCJ:D. 08 (c) lZ*L 

tz&mmmtfj&j&ih&z. *nmmx\^ mstmti, 

TIJNi-Fe^MfflUfc^ tt©«ti8ttR«J8fr> 
T&43ftK0!£l3tt©:i:Sfr&. #%9§©&M'v.y F£ 
»)W«i:fc*»m*fc. tt£Ktt&&tt©ttB1£R«fll 

A#**MI©ttlttr*9. £©»**&f£*©«i*'\y 

20 [0 10 5] *K±«8«'Kl«*^rr5«aK:t>V>Ti!E 

K©Kifiiej&»S«fiHJ**. fcfcH*. 01 2£J8^ 

[0 10 6] (a) K^-f.fcpClS^Vy FT* 

Him 7 4 ©±fCT355B@# 7 3 £«Jf Lfcfg. 1~ 
*635t<5*BttR7 5^StHb. S6C±«B«©-a 
£ft£ttttJR 7 2 Lfc. 

[0107] ±EWi*a©±R:uyy7 7^tt 

30 ->7 IZMfoVtz. 

[0 10 8] (b) 3 K±El/$>* K/t 

^->7 iafetf(C±«ffli©ia«»ia:*«W*V^ir'- 

[0 10 9] 1©^. (c) tC^-T<fc-5tC±g|5RrrFgl5 

fco 0-Ctti^tt*{SttR7 6©ajBiaSS©SS ( 7 

40 i^isfiai-ctt, «tttti»[ttR7 6 (omfrft&fflomm 

(7 2©«ffi) 

[0 110] (d) t£jj?tJ:5tz±WBtmt 

<om*)T'&5±&mftm 7 7 z. tTswt-r 

■[0 1 1 1J HI 3fc±EIS«4>&<fct>S&l8a> 

fc«*5firr*±»«ttR7 7©»*w»A<to^s. 

[0 112] C©J^««, ±S5fiSttli©^^^EB|5{C 
50 <. 
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[Oil 3]-*SMi0B8['\y Ktt. 

[0 114] ±gXgfCj;n{i. #£&*h7«;/5nH£ 
LfrL#3£BJ©&«3£eg|5©itS$tt. 3SiggB©(g 

j;oi£<-rsc:tT. &z.xmm<Dm^u^x bw— 

^->tft*U^h/X^->Ktt'<«p«*J«ST?ife 10 
0. ^jB»©SS 2 /tmaTlC-r*^t 
t^&Kh7y?tfj£;©Bft'\y K 

[0 115] Raft's y Fj^SfllfiKSft&'Sy 

E»sariw*i:t*«ia**. £©»&#*&. se*^px 

tgt#x.e>nT^75:5Gb / i £t±©S5(gflH8Si;82 

[0116] (3mm 2) mi 4 t&mm 1 izmmvuz 

fft^y Hta^^tj-e-fcESBft'Sy K©— WS^l, 
W9i<\y FfcttE*«ftfifiB»*iSl 0 4MB 

^sn. «K$arr&&©ttff 1 0 5tfg*a&i&in& 

0 4lc«afl5C:S5jBbT(r»«. tsio 5&tfg 

*m%.t&&i%i%m 1 0 4 ©TfciiT»** v zfm&frL 

TT«->-;P FR l 0 6 g*ttft&«3MlK 1 

0 4 0±lCtt±«*ir?/^BI*^tT±«^-;H«lli 30 

ttRl 0«l*Gfc/\y F©TflHBff©-ffi£&oTV> 
•5. £©Jttt&tfiTaN8ttR 10 8 ©-g5££ifcffiffi|g£ 

Eft^y HO^rW^IM 0 2 «^-o±T©att 
R£B#«IX, ±T©Kfi»8*8ttRl 0 1, 10 

ir». ^(OKfiSiB^SftRi 0 l ©±£4S©i£tr>KJti& 
*x±SlSi8fflil 0 7Sffl^5. -lag's y F©n>f;n 0 

9izmffi&ffi.L, mm^-y b'fr&ammz&.om&mit 40 

1 1 0£g2g£ttS. jgj. B&'s-.y Ftt?i!lKteF>*;U 

[0117] hi 5«*as9ioffi©«i6o^e>^r 

[0 1 1.8] *^OMRt>tlt #7*. t7$7 
£©J:'5JMHB&£fi4 3©±k:, &K&ffite&©^i 
attM4 5, #&tt&HJl2 1. &tf&SBtt#©m2& 

2f*. «»*»8un*nT^ftn*^tt.-fl*©«ft:^iai 50 
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its 2 2 ©^fb^i6]«» affi!«*©a^f6]tRi;^(Sj 

tt#©fg 1 &ttJf 4 5 ©JBfoErffiHjg 2 

th i 4 5 izmitmmtftk cxitr 

[0 119] *lttt«lC*US*l«ffii4 5. #&f£ 
2 1 . » 2 2 2 Rtf £2HB(£{Mi 2 3 
i£©016, @17, H18lcSb]t«B||jfiTfflWt 
RSME£HHS£ta«-e€r. «lt9MB&j|4 7£ 
«Co82C r 9 P t 9 , CojoC r 8 P tg(Z rOjljSffl 
<^5d£#T#3. £ft<3©016, 017RCX018 
©RRj£«4$Ett0g££f?«& I8*tt)l4 5 i^2att 

«2 2icttSf*RiPM6*#u *ns©«ff*iaitti» 

[0 12 0] *HSS«s|7?«$>:S3tett*©^iei4S4 
5©#»$fT^MlC, «*tf. Ta. Ru, XttCrV 
©cfcpftjIW&Tg&J!l2 4 ££&4 3 ©±tc#*;£-fr 
TKflt2 4£ft*£tt£Sfttt. 

&©»&». *£fcMR»*«#S©fc2MtfcB£ 
Ti&S. -tntt!B©»Rk:J:oT*Ktt*jmi2 1©* 

u-cbttja-ess. stE4 3a+^a«ft&st-p. + 

2 4tt*gT£-5. 

[0 12 1] £l&ttJ|4 5tt. KBC¥fftt*lfilR:J|i. 
-© H / -f >*JBlCfia*S **fc*©liir Iftfc/t-f 7X 

ftfi$t$#tsas^attS4 7*tfflVien-5. 

«ttS 4 7 tt, ftS^JStt^©^ 1 JSttS 4 5 ©^Jil5© 
fcWKKSMUTH*. S«^lStt^4 7©jSft^r|S]tt. 

[0122] i atts 4 5 (o^omm 

-f7XS:ii;$-B:S. cn6©RaWttJBtt. 
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[0 12 4] SI 6~01 8ti01 5©#JStt^«@2 
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bt\sT9>?)l, -y>r)\,-2 0 a t 

£?DA— 5 0 a t %~?yjiXD&9-r-*fy Y- 
&m^tz. 2mA-V>#>£-&^©fegT?te. 2? PA 

•CfflJSU^iSSUfc. 5£i8tt®|£tTCo-Fe- 
N imZftZt2\*3JVVb?-yy b±\Z-y>r)U, 
&© 1 ■t>m<D?yZfZmWLTi&f&.£m&lstz. 
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[0 12 5'] flMflttt. #^-yy>*K«.bfc*V- 

^«5*fflt»T*«lc¥ff KfcJi* 3 0 O e OttJteft 
JOLT, -Mft#&&fefcttS&£feC. :7DA-v> 

&■©#&*#©--«** i . 
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$ 1 



Jg 


A r fiXKJi 


r f ma 




Ta : 


O m 8 mTorr 


3 0 0W 


0.2 5 n m/s 


NiFe: 


3 mTorr 


3 5 OW 


0. 1 7 n m/s 


C u : 


3 mTorr 


1 5 OW 


O. 2 n m/s 


CrMnPt : 


8 mTorr 


3 5 OW 


0.5 n m / s 


Co: 


3 mTorr 


2 5 OW 


0. 1 3 n m/s 
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[0 1 2 9] 01 6{J4 5 a t %i?n&-4 5 a t %V 
>#>- 1 0 a t %e&©E3tl8tt!g|/8 1 a t XN i 

-19 a t%F es&£m^tzMis-mm&$:irrz>xz> 
-ijftmjjmz&zi&&mmt®*(Di5m<D)i- 

0 0Oe. 2 5 Or, 3#fffl<D&Mm&-Vb3 8 OOeT 
£nfiNiFeH©JS£:fc,ktf&{b©*£$£#if 
&&^T^£ttT^S©<i:|^gg®*#$T<& 40 

[0 13 0] 01 7\t4 5 a t %^PA-4 5 a t %T 
>#>- 1 0 a t %e&©fi&Bfflg£/C offi££ffl^fc 

i8ttffii«:S:fl-r5xt:>A*;pyR©fij5isfft, m& 
m&<D¥f&zit$SiLrzm-e$>z. mmmm^^mmt 

3 0 0OeT, 2 50 

t:, 3 ttffl©fl&J^frctttt&BJ|W 600Oe£2te 

8Si:^t<ftoti>5. cn{iCoS©P$*j<fc«y^ 
<£©*#$£#$:-?-*£, EiT*$nx^-5^©^ 

©2 <§§£©*££ 50 
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3£®H4R3 0 (4 5 a t %C r-4 5 a t %Mn-l 0 

a t %p t) £«rr&a«ttH6 5 a, s3fiBiKR3 

0 £W.88&-t*C oJilll. B£H^©&tf ftfttflBttji. 
112 (81at%Ni-19at%Fe) , #&ttJf 

62 (cu) tiSS5«u"&)t«ajajB»*s*i;*c 

olll 3*6&^Tt>*. T%R6 4att©R©£|R| 
■«>ISftttg*«fW«TitJi. ©«Ji6 3 (8 1 a t 
%Ni-19a t%Fe){ig6«T*S. 
KaH8ttK£©8£S. *«t09MBHHBt©S5daKC 
ofl&GBU U*»L&3&«6H®itf*aafiBHtIl6-5 
©Bft#tt£&{t3-t*-f. *o. Jf£#©fiB{fc©»£& 

* o **a*rica»«ffii 6 5 ©ips twtftfito c t 

#TSS. ttoTMKttlil l-2tt, BgMtttriW 

t, fisiaftttftAtco^e&siii i 3*5<fctKi 1 1 

«N i Fe-CrRfcEfcRST*?). Cl©NlFe- 
Crilt 0-20atXCf6$|ft5NiFe^ 
frSfcO, N i Fe&&!*7 5~-9 5 a t %N i iggP 

[01323 mmi 3)019 \tnmm 2 £3? LtzB 
Bmn^mmm^y k 2 0 1 att-^Tia 

C-r*B3«Wt*2 0 3TN&£J8M7 i ^X?©±T'V;/ H 
ffiSft©Rfft2 0 2 KJ: DE»R*203±T©tt«i&«M . 
WStl, Eftf9£^liS!Sfl^y K 2 0 1 ttf54fl<ta& 

a*204t«ttsnTv>*. 
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[0 13 3] #gegK£HT, fi&^fV W£ @£-f-5 
DC^-*, fil&Sr§£&*, SM9-f£fc£©&M 

^^©ftfifcjfr&g. Hl-fe. Ti'fal-i'i^ 
®&M\z 8 &©fi8g,T^ Xi7 £EtfT«\ £ih©I21i§S 

10 

[0 13 4] «mx^7.?tta®&2RittX #1 0 OA 
W£L<i*5 OAJKT©S®tt©JUtF£&#£-f 
5. fiSft^X^tt, WlttS#©gEilDKJ^f£gi&K«fc 

B©§IJPttO. 5 urn £TFT&-5©-C, WteSffc©^® 
T, PMttSfrtt, affiffi^RMAx 4110 0 A^T©*)© 

¥%nt s nfc v -y 7)i s y Jig£# $ tz\t-t 757 20 

[0 13 5] *&, BttJ|tf4R-«>d&&£©«£lc 
tt. SiBCRftttll. RfcttllSRttSft*. SE£&<fc 

R£U>. Z.otZ>Z.t\Z£Q. BftEftRoffAAft* 

[0 13 6] £©.fc3fc«ifrTOTttbfc*5g91£«fc3E 
fc'W K©ttf& (*-A-5-f M#tt) ^fitebfc^ 30 
*, 4 0MHz«±©jgJliS®«Tt>-5 OdBgg© 

[0 13 7] *HRfl£ < fcftfc£, »««*ttE»IC»UT 

%a& 1 5 m b /»a±. Ei«& 4 5 mh z Bit. 

B^itV 4 0 0 0 rpm £t±©x— ^©iffiSgSI, 7 
*-fe*i$RI©fitt, i2g§B©if*<h. S#tt&M&ffi 

3&*£gfi£<h LTRttfcMR&SS^rrSjflSRgCMR 
-t >W# 6 *IS d e>®tafit&g<!; LT 3 G b /in 
2 &±£©eS7 : <<;*?&a*t&5tt£&©T&£. 40 
[0 13 8] 

«**Jt»tftBi"7f&«u xn&ftc&^TEfltttRtf 

ens. 

[0139] *»wic«fcntfi^&fi£«#£K 

tfKflHHtt©K«*SBaEilS«*»*ct3&»r«*. 
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Kf$WzfB,m'\y \ t <Dm±®\zmmfS.^y h*»f®0. 

[07] »jtfifitRs«ffio-a{c«i»fcEa^yKo 

[08] *56iHOBa^y KS*-f«fcS:H. 

[0 9 ] f&tEOBg's y K tt -5 PolS £ L #>? mm 

0. 

[010] 4c9B^a>«JK«U«-rK9iH. 

[011] f&jfeORJJ'w HORttiSflA^A^BS^ 

[012] **W«D««'\y K©±Rtt©flsHl8H. 
[013] *&H©8A'Sy H©*R«'©f^KlSH. 
[014] *£!H©»tt&&iR»Sfr>ttftfia8*ftft 
Rt«R©-»Kfflt»fcEflW^y K. 

[015] ^^fC^^xeVA^MflS^y H«9flS 
$K&St»JKX?RBffi©«HiH. 

[016] **98tCfl5S^PA-T>jtf>^feR/N i 
F e Sm^&XlfWWyRaMftB. 

[017] **WtCffS^PA-V>if>^feR/Co 
VifcX bf WW:/R©8jftR. 

[018] *m\\mz7.\?.>)V],7m%mtfto$mt 
©»j«h. 
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1- ±ffiRttR. 3-«?$T«R. 
4, 5 6,1 0 2-^771, 5~T»8ttR. 6- 
Si0 2 7I/-A. 10-S^t7 7'. ll-Kffcfi 
ttTSWttR. 1 2 -Stfc»R±8H8ttR. 2 1 
ft^MS, 2 2-!ft»ttft:©$B2ttttR. 2 3 •■■£»« 
ft®, 2 5-T«3 7&l>UttT»««. 2 7-±«3 
7XCV»UMLhW8S. 2 8-«S. 3 2, 3 3-ttRS 

4 7 -RKHRttJl. 5 l -Ktt«iR«eftffitt:ffi 
m 5 2---»Jt&fflB&R. 5 3 -»H:«ftRttR. 
5 4-3l«ttR, 5 6 1, 110. 20 3 

6 2-#fi8ttS> 6 3-ttttttff. 6 4- 
Tim. 6 5-^mtt®, 7 1-l/^W->, 7 

2- BttR. 7 3 -TIBBlttR. 7 5, 7 6-#«tt 
R. 7 7 -±'»RttR. 1 0 1 -KfiftRXtlFftR. 1 

q 3 -mmamimm, 1 o 4 -g*«»fitt«* 
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^J 1 
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/v/3 
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B 17 

Ta C5nm) 



CT45Mn4sPtio(30*nm) 



Co (1.5nm) 



Cu (2.5nm) 



NisiFais C5nm) 



T8 (5nm) 



glass 



30' 
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Ta (5nm) 



045Mn4^tio(30 a nm) 
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62" 
63' 
64 
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Co (0.8nrnT 



NiaiFaiQ (1 1 rwnl : ^ 1 2 



Co (O.annn) 



Cu (2.5nm) 



✓u* Nt3iFei9 (5nm) 



Ta (5nm) 



glass 



✓111 



,113 
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(72) ^BJ^ fel? 
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